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PREFACE 


T he first Review of the Mineral Production of India, published 
by the Geological Survey, appeared in Part I of Volume 
XXXII I of the Records. In preparing it, the Director, Sir Thomas 
Holland, designed the general plan of the work and surveyed the 
jirogress made during the preceding six years (1898-1908). Subse- 
quent issues, covering the periods 190-1-1908, 1909-1913, 1914-1918 and 
1919-1923, followed the same general scheme, but were purposely made 
more descriptive. The reason for this in the earlier reviews was 
the fact that Ball’s Manual on Economic Geology had long been 
out of print. Mr. LaTouche’s Bibliography of Indian Geology 
and Physical Geography, with its Annotated Index of Minerals of 
Economic Value, published within the last twelve years, has taken 
the place of Ball’s Manual, and the descriptive jjarts of the Quin- 
quennial Review might, therefore, be now' thought unnecessary. It 
is considered, however, that the descriptive matter, so long as it 
is kept within bounds, not only makes a more connected narrative 
and ensures a truer interpretation of mere statistics, but provides 
an opportunity of drawing attention to crucial geological facts 
pertaining to new discoveries. 

The present review, instead of being reduced, has, in fact, been 
slightly expanded, and, for the sake of ready reference, includes 
matter which has been published before. It is the sixth of thtj 
series, and has been prepared on the same lines as the last by the 
collaboration of the senior officers of the Geological Survey, who 
have individually revised the sections committed to their charge. 
The name of the officer responsible for the revision of each section 
is shown in the text. The general plan has been retained, and 
in many cases the descriptive parts have also remained much the 
same as they were when originally written. Recent additions to 
our information have, of course, been inserted and figures and 
statistics brought up to date. 


The 18th Decernber 192i), 


E. H. PASCOE. 
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I.— INTRODUCTION. 

[E. H. Pascoe.] 

In the first Keview it was explained that, although many valuable 
mineral products were being worked in different parts of the coun- 
try, it was impossible to obtain figures relating to some of them 
sufiiciently precise to be of any value for statistical purposes. The 
most conspicuous of these ‘ minerals classified as such for con- 
venience sake — are the various forms of building material and 
slate, which are naturally used extensively in eveiy district and 
would form an excellent index of material progress, if reliance could 
bo placed on the figures returned and if the figures of one period 
could be regarded as fairly comparable with those of another. 

In order to obtain some mental impression of progress, we aio 
compelled to exclude from the list of minerals contributing to the 
statement of total values, tlmse about which 
itiinerals*”^ we can obtain only partial figures or rough local 

estimates. The minerals arc thus reviewed in 
two groups, as before, namely : — 

Group I. — Tho8(* for which aj^proximately trustworthy annual 
returns are obtainable ; and 

Group II, — Those regarding which regularly recurring and full 
particulars cannot be procured. 

As the methods of collecting the returns become more precise 
from year to year and the machinery employed for the purpose 
becomes more efficient, the minerals included in Group I tend to 
increase in number ; that group now comprises : — 


Antimony. 

1 Iron. 

Chromite. 

Jadeite. 

Coal. 

Lead. 

Copper. 

Magnesite. 

Diamonds. 

Manganese. 

Gold. 

Mica. 

Graphite. 

Monazite. 

Ilmenite. 

NickoJ. 
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Petroleum. 

Eubv, Sapphire and Spinel. 
Salt. 

Saltpetre. 

Silver. 


Tin. 

Tungsten. 

Zinc. 

Ziicon. 


Units recojuilsed. 


Unless otlierwiso stated, the ton referred to in this re\iew is the 
English statute ton 2/210 Ihs. Where there are lotahs likely to 
be of interest to fonugn readers, weights aie 
also expressed in metric tons of 1,000 kilo- 
grammes each (equal to 0*984 statute ton). Petiirns in wannds ^ 
have been translated into tons, hundredweights and (piarters through- 
out. The output of petroleum lias been given in Imperial gallons, 
and totals are expressed also in metric tons, on tlie assumption 
that one metiic ton is equivalent to 249 gallons of crude oil of an 
average specific gravity of 0*885. Values in sti^rling are calculated 
throughout at the approximate average rate of exchange for the 
particular vear ; this rate of exchange is indicated in each ease. 

Tlie data emploved in this review have been obtained from 
various sources. Before the vear 1904 the .Annual Statistics of 
Mineral Production were published bv the Direc- 
tor-General of Statistics. Since then the figures 
of mineral production for India have been published annually in 
the Becords of the Geological Survev of India. Beturns of mineral 
production aro now sent by Local Governments, Political Agents 
and in a few cases by Indian Durbars, direct to the Director of 
the Geological Suivey, exce])t in the case of mines under the Mines 
Act, vlien the liLOires are forwarded direct by mino-manageTS to 
the Cl lef Inspector of Mines, who foiwards a summary to the 
Geok>gi<Ml Survey. Infoimation regarding exports and im])orts has 
been ckrived from the publications issued by the Director General 
of Commercial Intelligence and Statistics, whose co-operation in 
other vavs has also been of great assistance. Additional information 
has been obtained from the follo\ving sources : — 


Sources of friformatfoii. 


(1) Annual Beturns of the Chief Inspector of Mines in India, 

and the Chief Inspector of Mines for Mysore ; 

(2) Annual Administration Beports of the various Local Gov^ 

ernments and Local Administrations in India ; 


* One mflrw«<i=*82'3 JIib. 
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(3) Annual Administration Reports of the Railway Board ; 

(4) Returns issued by the various Geological Surveys and 

Statistics relating to Mines and Quarries, published by 
the English Home Office. 

(5) Reports by the Imperial Institute, London. 

We are also ind(*bted to the Managing Agents of several Mining 
Companies for mneb inform.ition su]>|)lied direct. 
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11.— SUMMARY OF PROGRESS. 


[E. H. Pasooe.] 

Table I fluniinarises the output and value of the principal 
minerals produced during the live years under review. The total 
Values values have the obvious defect of being the 

addition of unlike denominations. This applies 
much more markedly to the previous quinquennium, during which 
the exchange varhid between the wide limits of Is. and 2s. 

lOjrf. per rupee. Between 1921 and 1928, the exchange varied from 
Is. Aid. to Is. per rupee. This variation in exchange, 

oinall as it is compared with that of the previous five years, 

combined with a variation in the actual intrinsic value of the 
minerals and the enhanced effe(;t caused by the lack of synchronism 
between the time of i)urchase and the time of payment, detract 
(considerably from the precision of statisthes. Furthfumore, export 
values, being the only returns obtainabh* in some (cases, arc 
ranged with sj)Ot values, while the latter necessarily vary witJi the 
j)osition of the mine, representing not the values but the 'prices 
obtainable. In the (^ase of coal, for instance, the so-called value 
of a ton of good coal in Bengal is less than half that of the 
inferior material raised in Baliu-histan ; in the case of salt, the 
values given are the prices charged, and are less than the duty, 
which is the principal value of the salt to Government. Certain 
valuable mineral products, such as building stones, are omitted 
altogether for want of any but very approximate estimates. 

The values returned for minerals exported are also necessarily 
lower than they would be if those minerals were consumed in the 
country, and it is consequently unfair to compare this table of 
values with corresponding returns for countries in which metal- 
lurgical industries flourish. Manganese-ore is a conspicuous exam- 
ple of a product the value of which, to the Indian producer, is 
reduced by the heavy coat of transport. The country is thus not 
only so much poorer by the loss of the metal exported in the ore, 
but is paid in return considerably less than its market value. 
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The imperfec.tions ol the talkie are not only those confessedly 

insepiirablo from all such estimates of mineral production, but are 

tiic linj^ering relics of the war, and more 

Comparison with the pspcciallv of the economic convulsions result* 
previous periods. • j- mi i c 

mg therefrom. Tim value of comparison with 

other quinquennial periods is largely affected by the intervening 

period of tlie war, and comparison of tlie figures given in Table I 

witli pre-war figures is likely to ])e misleading in individual rases. 

But the general trend of tlie JndiaYi mineral industries is fairly 

rlrar, and ibe decrease made during the five years under review 

has Jiot been very considerable, 1lu‘ estimated value of the total 

output being about million pounds less tliaii it w.is duriiui' 

the previous ])eriod. In tl)e latter tlie average annual value* of 

Ibe output of minerals for which relialde statistics are available 

was (fver £24,()()()j0()0, wliile <luring 1021-28 it fell to nearly 

£23, 000, 000. 

During the (juinquennial period under review, the out}>ul of 
coal lias slowly but steadily increased since 1025, but this increase 
has unfortunately been accoiii])ani<*d by an e(|ually steady and 
noticeable drop in value. The output of 
Fluctuations in output petroleum has been steady, but a severe drop 
ail rnar et pr ce. market })rice characterised the last two 

years of the period. The value of the manganese production 
showed a sliglit general increase. The decline in the 011 (put 
of gold recorded during the War jieriod as a result of the rise 
in price of all ordinary commodities was repeated during the five 
years following and again during the period umler review. There 
was a general increase in the production ( f lead, zinc and silver, 
which was marked in the first two ; in the casf* of lead, this was 
not accompanied, however, b}' an increase in value. In 1926 
there was a noticeable drop in the market value of silver. During 
the hrst four years there was a metafile incriiase in the output and 
value of tin produced. The quantity and value of iron- ore showed 
a steady improvement and those of copper and copper-matte a 
large general incTease. There was a heavy fall in the market 
price of magnesite in 1928, Tlmenite showed a marked general 
increase in quantity and value. There was a decline in the output 
and value of saltpetre. Salt production was moderately steady, 
while the output of mica, chromite, tungsten and magnesite was 
capricious. 
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Tablb \,^Ouifui and value of Minaals Joi which reliubU niumb (j pcGVtlun 
are available for the years 1924-1928, 


Mineral. 


1024. 

(£l*»iiB 18 0) 

1025. 

(£l-im. 13 8} 

1026. 

(£l-lls. 18 4) 

1027. 

(£l>^XtB. 13 4) 

1028. 

(£1»118. 18 4) 

Ateroffe, 

Coal . 

£ i 

tons 

£ 

10,760,438 

21,174,284 

0,503,828 1 
20,904,377 

1 ^ 

7,674 500 
20,009,107 

£ 

7,079,852 
22,082, >30 

£ 

6,604,106 

£2,612,872 

£ 

v,j( ),764 
21,540,607 

reLrolonin 

£ 

gals 

7,5j0,288 

204,071,602 

7,740,727 

280,600.642 

7,S05,500 

280,369,3.^0 

4,421,468 
281,111 )09 

4,314,207 

Jla,943,711 

fl, 268,-20 
290,521,056 

MauganesL-ore (a) 

£ 

tons 

2,500,1^7 

706,440 

2,211,181 
738, 8j1 

1,400 052 
613,530 

2,010,204 

8J3,S21 

1, S74, 32- 
8(4,144 

,Vl 6,iio5 

7 t9,iuu 

Gold . 

£ 

oz. 

1,827,438 
306,3 >1 

1,673,501 

803,87./ 

1,624, „38 
384,158 

1,026 913 
181,272 

1,188, 52 
3/6 063 

1,663,067 

536J144 

— 

1,6,2,)T,0 

6 ,622 

Lead and lead<oie 

£ 

tom 

l,67-.652 

73,068 

I,e4.»,477 

46,647 

1,666,587 

53,079 

1,641 U).> 
66,124 

1,642,036 

78,204 

dilvcr . 

£ 

oa. 

810,869 
6,300,20 t 

705,603 
4,856,422 ' 

003 061 

1 >.1..4>.088 

708,846 

6,021,806 

892 400 
7,428.010 

iol.H'i 

5,7i'^,466 

Salt . 

£ 

tom 

7)0,717 

l,6-3,4/6 

674,628 1 
1.29^,144 

836 830 
1,638,74) 

849 265 

1 611,015 

/ ) . 0 »9 

J Jl a4 1 

i4l, m 

1 )itt,912 

Mica {b) 

£ 

owte 

070,706 
70,0 5 

700,483 

09 009 

820,001 

80,917 

091 311 

7/ 485 

6^^ J >0 

0 > 4/ ) 

7r,9S0 
66 542 

ooDccaUati^ 

£ 1 

tom 

lt>l /84 
1\6 j0 

152 125 
10,810 

171 077 

4h bJ 1 

)» ) 2-0 

O'* tbO 

.1 )J 11- 
1 64 1 — 

i76 5io 

4 ,ao 

£in and tln>oro 

£ 

tom 

1.08,173 

1 880 

267,911 

2 308 

455 362 
3,548 

4 »3 S04 
3,40j 

3(8 8 J 
2,780 

3 )2,346 

2 302 

Xron-ore * 

£ 

tom 

2/0,610 

1,446,313 

J36,77j 
l,ol4 )/0 

349,076 
l,6./9 2Uo 

380, 73 J 
1,846 /3j 

413,010 

2,0)1,992 

551,071 
1,710 535 

Coppor-ore and 

cupptr*malto. 

£ 

tons 

114 714 
2,03.1 

301 «7n 
34, 148 

3J'H,3M 

20,040 

316 ^16 
16,882 

17 ,- 2 

23 038 

204,301 

0,330 

Saltpetre (b) 

£ 

cwU. 1 

201. 3B2 
107,700 

147,617 1 
126,073 

98,840 

08,830 

113,632 1 

123,018 1 

71621 

80 u7U 

1,7,221 

1 1,213 

Cliroinlte . 

^ 1 
tons ' 

42,250 

4 j,4b2 

40,171 

37,452 

JO.biO 

33 382 

6 713 1 

57,207 

0“ HO 

1 1 4a J 

47,224 

4 i 792 

lungHten-ore . 

£ 

tons 

24,650 j 
730 1 

33,975 

772 

57,535 

1,464 

4-.J17 1 

1,160 ' 

1 *2 (.4 

b-.. 

^6,192 

yjo 

Jadeite (6) . 

£ 

cwte 

50,840 

2,766 

12,237 

972 

3o,0 »1 
2,139 

22 a/0 ; 

J 961 1 

1 43,468 

1 2 608 

c2 845 
2,107 

Uuby, sapphire and 
spinel. 

£ 

oaiats 

34,773 I 
101,007 

27 454 
140,037 

34,834 

105,071 

20 H33 
30,500 

13, £47 
40.380 

, 6,2-5 

Hi, lob 

Magnesite . 

i 

tom 

21,088 

24,461 

31,179 

29,020 

26,444 

30,461 

17,115 

19,638 

11,060 

24,406 

21,5 j 9 
2o,717 

Autiinonial lead 
and antimony 
ore. 

llmenite . 

£ 

tom 

22,027 
1,200 1 

21 373 
1,110 

24,110 

1,165 

10,714 

1,003 

24,427 

1,611 

20,532 

1,218 

£ 

cwts. 

1.381~ 
641 1 

492 

828 

7,687 

4,236 

33,443 

17,809 

41,6a7 

20,307 

16,892 

9,664 

Nickel speiss 

£ 1 
tons 

1 


.. 13 176 

1.032 

89,022 

2,033 

/6.6^v 

705 

Zircon 

£ 1 
tOIlf 

2,717 

305 

4,608 

676 

2,087 

582 

8,129 

1,466 

4,267 

855 

4,S4i 

759 

Honaalto 

£ 

tons 

0,801 

022 


047 

64 

8,810 

280 

1,242 

108 

3,060 

214 

Diamonds . 

£ 

carats 

1,985 

00 

1,008 

48 

8,181 

60 

, 8,854 

' 118 

4,887 

824 

f 

2,691 

ssi 

T iTiL VALO] 

1 i 

27.088,808 

86,833,833 | 

884»7.506* 

1 81,100.764 

80,332,089 

23,675,578 


(4i) Jlspoit vftltt d quA&UUei Mkudly cxporkd. (*) ®tpoct flgwM. 
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The stimulating effect of the War on metallurgical industries is 
still perceptible in certain directions. The activities in the output 
of the Tata Iron and Hteel works at Jamshedpur, of the Bengal 
Iron Company at Kulti, and of the Indian Iron and 8teel Company 
at Hirapur bear witness to this statement. The operations of the 
Burma Corporation at Bawdwin have also extended, and the out- 
put of lead, silver, zinc, copper and antimonial lead is making 
remarkable strides. Copper smelting was definitely ebtablibiied in 
8mghbliiim during the previous live -year period, and has become a 
peimanent industry of the district ; copper-matte is also bemg pro- 
duced in increasing quantities at Namtu m the iSIortliern iSiian 
States of Buima. 

Table 2. — Valuea (a) during 1927 of the twelve leading Mineral 
Products in the United Kingdom. 


Coal ......... lS3,tll:lr.21<S 

Clay (mcludmg chma auU iiie claya) and dhalo . . 

Liuiontonu and duiomile . . . . . . 

Iron-oro ......... .j,J40,17J 

Igneoua rocka ........ 

Slato ......... 

h>aadutono (ubhor than ganitiluj; and Hihca rook^) . . 

Salt l,.ldo/J(j4 

Gravel and sand ....... SSI,/ 70 

Tln-oru ......... (321, Oul 

Oil shalo ljlh,dl>l 

Chalk 449,207 

(a) Value at mine or quarry. 


Table 2 shows the values of the more important nuueral pio- 
duots of the United Kuigdom during the yeai 1927. The eiioimous 
preponderance of the coal imlustry in l](e Uiuted Ivmgdom is 
remarkable, although loss than it was live years pie viously Iron- 
ore, the next most imjioitant mmcral product in the woild except- 
ing petroleum, takes the fourth place. 

In this summary also it will be mterebtmg to notfi the value lecoided 
for imported minerals and lor products obtained directly from 
minerals durmg tlic period under leview. These 

Imports of minerals figures, exclusive of the vafues of cutleiy and 
and mineral products. , , i i . 

narciwarc, machmeiy and mil^work, ladway 

plant and rolling stock, eartheuwaie and poicelam, glass and glass- 
ware, jewellery and plate of gold and silver, jiamts and colours, 
and alizarine and aniline dyes, arc shown in Table 3. The chiel 
features, brought out by a comparison of this table with the corre- 
sponding table in the previous lieview, are a general increase in 
the quantities imported accompanied by a general fall in prices. 



The principal exceptions are those of iron, lead, quicksilver and — as 
far as price is concerned —tin. There was, for instahce, an increase 
of over 12 per cent, in the average imports of salt accompanied by 
a conspicuous fall in the value; in 1919-23 the average cost per 
ton of imported salt was Rs. 35-4, while in 1924-28 it fell to Rs. 23*7. 
In the case of brass, we find an increase of the annual imports dur- 
ing the five years under consideration, averaging about 29*6 per 
cent, more than those of the previous five years ; in spite of this, 
the total value for the Jive vears 1924-28 was more than half a 
lakh less than the total for the previous period. The same story 
may be told respecting copper. In spite of the notable increase 
in .the indigcmoiis production of this metal India still imports well" 
over 15,000 tons of copper a year. Nearly three times the quantity 
of German silver absorbed during 1919-23 was imported during 
1921-28 at a considerably reduced cost. Zinc imports showed a 
large increase accompanied by a decline in price. In contrast 
with the above, imports of iron dropped to a little more than half 
of what they were in the previous period ; there was at the same 
time a fall in the value. In the case of steel or ‘ iron or steel’, 
however, there was a heavy increase in the quantities imported 
with a very noticeable fall in the price. There was a 34-per-cent, 
decrease m the imports of lead with scarcely any change in price. 
The imports of quicksilver showed a marked reduction in quantity 
and a small reduction in price. Most of the exports of tin con- 
centrates go to the Straits Settlements and are imported again in 
the form of wrought tin ; these imports shewed an increase accom- 
panied by a rise in value. Imports of mineral oil rose, while those 
of coal and coke fell. 

Table 4 is even more instructive. The remarkable fall in the 
value of the imports of railway material during the war period from 
nearly £10,000,000 in 1914 to a little over £500,000 in 1917 was 
eloquent of the difficulties that the railway companies had to face ; 
the fall was due to difficulty in procuring those imports and not 
to any decreased demand. The effect, it was hoped, would make 
India more self-supporting and create industries that, in normal 
circumstances, might not have arisen for many years. A number 
of new engineering companies were stimulated into existence and 
the dividends paid by those already established rose to unprece- 
dented amounts. Although this stimulus to the Indian industry 
proved in many oases to be ephemeral, it is gratifying to note 
that in 1924-28 the value of imports of railway plant and rolling 
stock averaged less than half what tl\ey did during the post-war 
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Table 3. — Aniount and value of Imports of minerals a7id products obtained 
directly from minerals for the years 1924 to 1928 (including Gon^nment 
stores). 


' — 

1924. 

1926. 

1926. 

1927. 

1028. 

Ateroffe 

Salt . . 

tODfl 

1,38,00,770 

505,606 

1,02,47,114 

641,141 

1,04,37,770 

515,708 

1,88,58,013 

637,604 

1,54,30,628 

614,417 

1 37,74,439 
680,943 

Metals— ” 







Brasa . . Rs. 

cwta. 

3,27.51,727 

622,322 

2,60,38,70.3 

502,474 

2,71,56,933 

558,053 

2,28.14.945 

401,853 

2,56,89,077 

645,690 

2,68,70,167 

544,240 

Copper . . llfl. 

* owta. 

1,73,70,001 

287,010 

1,90.34,755 

340.9.5', 

1,92,6.3,007 

396.030 

1,47.82.388 

303,437 

1.60,92,282 

309,025 

1,72,28,865 
32,, 657 

Germon allver Es. 

CWttt. 

15, '>2,503 
13,527 

21,18.326 

19.372 

16,09,461 

17,533 

18,00,821 

15,136 

21,29,444 

25,026 

17,54,111 

18,119 

Iron . . Eh 

tniiri 

32,16.182 

18,001 

28.96 335 
17,775 

23,12,530 

13,503 

25,10,6.34 

10,455 

20,75.894 

14,657 

26,09,41 i 
16,678 

Iron or steel . Eh. 

tons 

16,68,06,648 

682,360 

15,47.92.396 

668,920 

16,63,32 509 
738,9.50 

18,25,10,326 

871.813 

18,81,48,048 

1,013,458 

17,17,19,344 

795,102 

Steel . . Ea. 

tons 

3,55,87,200 

256,540 

1,79.81.685 

147,788 

2,41,14,554 

228,455 

2,76,83,218 

260,.1M9 

2,66.84,083 

260,954 

2,64,00,149 

228,827 

Lead . . Es 

cwts 

15, .53,281 
52,564 

10,73,007 

52,187 

17,47,314 

1 51.865 

13,81,534 

50,010 

I 0,34,516 

44,742 

14,48,063 
SO, 875 

Qnlckallvcr . Es. 

lllR. 

8,51,140 

160,370 

5,47,094 

240.552 

6,33,625 
j 243,879 

6,67,071 

195,830 

8,00,757 

1 243.708 

mj^m 

Tin . . Es. 

ewts. 

85,05,323 

55,200 

1,00,1.5,181 

61,650 

1,01,44,477 

54,584 

1,28,84,820 

00,527 

04,77,631 

57,856 


Zinc ♦ . Efl. 

CWtH 

29,46,564 

115,361 

38,24,572 

145,142 

' 51,22,679 

192,730 

41.72,074 

181,909 

1 36,59,370 

188,885 

39,45,234 

164,823 

Unenumerated Rb. 

ewtfl. 

10,34,649 

19,128 

7,86,716 

18,541 

17,76,141 

33,118 

18,86.330 

41,747 

1 11,36,415 

1 23,420 

1 

13,24,038 

26,191 

Total Talne of metals Bh. 

27,17,06,227 

24,02.59.430 

26,02,13,020 

27.26.17,076 

27,64,17,950 

26,42.42,981 

Inoiganlo cheinl> Bs. 
cals. 

2,19,45,674 

2,04,69,170 

1 

2,42.10,786 1 

1 2.71,78,634 

1 

3,67.68.433 

2,41,14,609 

Mineral oil . Ea. 

pals. 

9,09,23,391 

183,418,008 

9,44.92,304 

180,17.1.244 

' 9,25,19,247 

191,640,190 

10.47,31,110 

220,51^085 

10,40,57,237 

237,262,128 

9,73 44,718 
203,781,129 

Paraffin . . Ea. 

cwta. 

1,93 078 

8 260 

2,10 060 
0,020 

3.42,670 

17,460 

1.34,654 

11,060 

8,52,089 

23,020 

2,46,870 

14,064 

Coal, coke and Bs. 
iwtent fuel. tons 

1,82,02,310 

468,841 

1,19,.35,578 1 

488,609 1 

45.03,107 
, 194,007 

57,66,103 

243,653 

44,76,509 

210,473 

79,74,401 

21,117 

Proeloufi stones Es. 
and pearls, un- 
set. 

Stone and marble Bs. 

tons 

1,15,80,932 

1,18,05,437 

1,10,71 399 

1,27,57,011 

1,22,98.238 

1,19,02 604 


■ 





4,06,659 

3,760 

7,71,684 

5,774 

9,61,334 

7,059 

^ 7,50,708 

6,761 

8,00,841 

6,172 

7,58,0U 

6,Ogo 

Other building Bs. 
materials. 

TOTAL VALI’E Bs. 

M £ 

i,iiuo,909” 

1,15,71.532 

1 22,01,700 

1,44 80,040 

1,24,68,641 

1,25,33,002 

43.58.86,849 

81,368.684 

40, 7,66.509 
30,208.008 

41,64,61,982 

31,079,252 

1 45.72,59,430 

1 34,123,830 

45.30.84.566 

^,812.281 

43,28,91.669 
32, 116.415 

(fiX-Ba. X3‘9) 

(£l->Bs. 18-3) 

(£1-Es. 18 4} 

(£1-B8. 18-4) 

(£l«.Es. lj'4) 



0 
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quinquorminm, while those of machinery and millwork show a 
reduction of nearly 2t5 per cent.: the decrease is of 'course exag- 
gerated by the general fall in the value of the rupee. 

For comparison with imports of minerals and mineral products 
into India, it is interesting to give also a table showing tho uniount 
and value (d exx>orts of minerals and products obtained directly from 
minerals in India, for the years 1924-28. This is done in Table 5. 
From this it will be seen that the average annual value of <'X])orts 
during the ((uinquennium has been JRs. 12,38^96,410 compared with 
Rs. 43,28,91 ,()69 for tlie imxmrts during tlui same X)eriod. The most 
important exports in order of value have ])een raringancse-ore, ^jig 
lead, ])arafin ^vax, X)ig iron, mica, miner«d oil, tin and tungsten ores, 
coal, coke and patent find, cop]>er. 

It is iiitercvsliug also to collect into on(‘ iable such reliabh* labour 
statistics as are availalde for tlie different mineials, in oKhu* (o show 
the relative Tuagnitude (d th(‘ various miiuTal industiies ol Ijidia 
during the (]uinqu(‘nnium. These figures are shown in Table G fiom 
wliieli it will be seen tliat the average number of peisons em])lo\(‘d 
daily in all nuru's for A\ljich reliable letiiins of laboui statisliis are 
available dining the <|uinquenniuiu was 334,440 of wliieh 187,907 
persons w<*r(‘ em])loye(l in the coal industry. The most impoitant 
sources of (*m]>loyiuent otherwise were the industries for jiroducing 
mangauesc-ore, pcti oleum, salt, gold, mica and iron-oie. 


Summary of the Minerals of Group I. 

Until the beginning of the qiiinquenninm undfT rejiDit the 
amount of antimony raised in India, chiefly from the Amherst 
district of Burma, amounted to a lew hundred 
tons a year. Since 1924, however, antimonial 
lead has lieen regularly produced from the Bawdwin mine of the 
Northern Shan States in Burma to the extent of some 1,020 tons 
a year. 


Antimony. 


(4iromit(‘ laung a munition of ^ar, its production during the war 
perifKl rose from an annual average of 4,671 tons to nearly 23,000 
Chromite ’ during the following quinquennium it 

again rose from the latter figure to 35,000 
tons, the rise being due principally to the vigorous mining in Balu- 
chistan which doulded its output. During the five years under 
review there v aa a 12-3 per cent, decrease in average outjmt fiom 
Baluchistan; this was, however, more than balanced by an increased 
production from Mysore. 



Tabll 4. — Value of luqyo^ts of pioducts of a mote fiui'^htd tnanafactured almost entirely 

rmnet'ah or mmeral p)oducts for the yeais 1924 to 1928 {mehidinn Goveruinent stores). 



(a) Fi^ure^ are lor three months, JAna&ry to ''Iarehl92'^, 









Table 5. — Amount and value of Exports of minerals and products obtained directly from minerals 

ike years 1924 to 1928, 
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In the case of coal, the output which had risen to over 22J million 
tons in 1919, fell in 1920 to about 18 million and; during the three 
years 1921-23, oscillated between 19,000,000 and 
*** ' 19,600,000 tons. From 1924 to 1926 it main- 

tained a steady level at about 21 million tons, rising to over 22 
million in 1927 and again exceeding 22 1 million tons in 1928. Dur- 
ing the war, there was a marked rise in raising costs, and the pit’s 
mouth value rose from Us. 3-9-0 to a record figure ol Rs. 4-6-0 in 
1918. This figure was altogether eclipsed by that for 1922, which 
reached Rs. 7-10-0 pei ton. In 1923 it fell to Rs. 7-7-0, which 
was still more than double the pre-war rate. From then onwards 
there was a rapid and continiioua fall to Rs. 3-12-0 in 1928. The 
decrease in value of the output during the past quinquennium is, 
therefore, much greater relatively than the general incrt'ase in quantity. 



Fia. 1 . — PtvducHon of Coal from 1900^1928. 
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Throughout the period, India still held her position as the largest 
coal-producer of any of the British dependencies. She was again 
completely outdistanced by Japan, whose output in 1927 was about 
32^ miliiori tons against India's 22 millions. The Gondwana fields 
produced about 98 per cent, of the Indian output, and the Kani- 
ganj and Jharia fields respectively 28-6 and 49-4 per cent. The 
Boharo field contributed on an average 7*6 per cent, of India's 
total output ; before many years this is likely to pi ove one of the 
great Indian fields. 



As might be expected, imports and exports of coal were abnor- 
mally low throughout the war period and fell to about 54, 0(H) tons 
and 74,000 tons respectively iu 1918. Imports fell still lower in 
1919 and 1920, in the latter year not amoimting to 40,000 tons; 
in 1921 tliere was a jump to over 1 million tons which increased in 
the following year but fell to 625,000 tons in 1923. There, was a 
further decrease iu 1024 to 464,000 tons, and a slight increase' in 
1925 to 483,000; further subsequent decreases brought the average 
figure for the qxiinquennium down to 319,000 tons. Plxports duriug 
tlu'. quinquennium shewed a similarly extreme variation, the. highest 
figure being that for 1928, 626,000 tons, and the lowest that for 
1924, 206,000 tons; the average exports amounted to 448,500 tons 
a year. Both Japan and South Africa must be regarded as formidable 
rivals in Indian Ocean ports. 

The employment of by-product ovens in coke-making has ex- 
tended considerably. The amount of coal or coke used for domestic 
purposes in such a densely populated country as India is, however, 
astonishingly small. A greater demand would encourage the ex- 
ploitation of large untouched reserves of second quality coal and 
would defeat the reprehensible practice of burning a valuable manure 
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such as cowdung for cooking purposes. The by-prOducts recovered 
are tar and ammonia^ sulphate of the alkali beirtg ijaanufactured 
with acid made locally from imported sulphur. 

One of the outstanding improvements adopted during the past 
ten years in the coalfields is the greatly extended use of electricity 
for pumping, ventilation, haulage, coal-cutting, etc., especially for 
the first mentioned purpose. 


■ FOREIGN COAL 
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Fro. 3. — The rehitue cooeimjUion oj Foretqn and Indian (oal on Indian Hallways 


Copper began to figure regularly in our mineral returns during 
the quinquennium 1914-18 ; unfortunately, the Cape Copper Com- 
pany’s operations at the Rakha Mines were 
delayed by the difficulty of importing mate- 
rials for furnaces, etc., during the war, and the production, which 
had risen to 20,000 tons in 1917, fell to only 3,600 tons in 1918. 
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Smelting operations were begun in 1918 and a small amount of 
blister copper produced, but the average annual output for that 
period was below 8,064 tons. During the period 1919-23 the average 
annual output of copper ore by the Cape Copper Company rose 
to 26,159 tons. This company went into liquidation in 1923. In 
1924 a new company, the Indian Copper Corporation, continued 
the successful operations of the Cordoba Copper Company, with 
the result that the annual output of ore during 1924-28 averaged 
11,776 tons. The Bawd win mine of Upper Burma now yields a 
regular supply of copper matte containing about 41 per cent, of 
copper, the average production of this matte per year during the 
quinquennium under review having been a little over 9,000 tons. 

The average annual output of diamonds rose from 162 carats 
Diamonds l>receding quinquennium to 224 carats in 

the period under report. 


Gold-mining, as might be expected, was one of the few mineral 
industries that suffered from the war. The Indian output fell 
steadily from J915 onwards, and the output 
decreased by over 80,000 oz, in 1918. The 
average annual production for the war jieriod was a little under 
587,000 ounces. The fall in the output of gold continued and 
the average annual output during 1919-23 amounted to 459,875 
oz. or 126,704 oz. less than that of the preceding quinquennium. 
The deficit in the case of the quinquennium under consideration 
was less, the annual output during 1924-28 averaging 386,944 oz. 



Owing to the difficulty of obtaining graphite from extra-Indian 
sources, there had been a slight revival of indigenous mining during 
the war period, but it did not persist. The output 
of graphite amounted to 127 tons in 1919, 


Graphite. 
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100 tons in 1920 and 26 tons in 1921. But for a toaU output of 
20 tons from Mysore the industry would have died out in 1922. 
There was no production in 1923 nor during the five years which 
followed. No attempt has been made to open the Travancore 
mines. 


In tlic period under review, the advance in the Indian iron and 
steel trade has been less than was expected. The Bengal Iron 
Company’s outputs of metal during 1923 had 
increased to 119,379 tons of pig iron and 33,627 
tons of castings. The first figure rose to 147,733 tons in 1924, but 
th(‘ annual average for the five years amounted to 96,244 tons only ; 
the avcu’age output of castings by this company was 53,698 tons 
per year. The Tata Iron and Steel Company, who had practically 
doubled their output during the previous five years, maintained a 
steady output averaging some 669,500 tons of pig iron and some 
319,000 tons of steel during the quinquennium under consideration. 
The Indian Iron and Steel Company, who commenced smelting 
operations at the end of 1922, produced an annual average of 286,000 
tons of pig iion during the period now un(l(‘r ( onsideration, while 
the corresponding figure for the Mysore Iron Works amounted to 
17,500 tons. The United Steel Coiporalion of Asia, Limited, have 
not yet erected any plant but Iiave been producing iron ore since 
1927, The Steel Industry (Frotection) Act -No. XIV of J924- 
authorised, to companies employing Indians, bounties upon rails and 
fish-plates wholly manuiaetured in British India from material 
wholly or mainly pio<luced from Indian iion ore and complying 
with specifications approved by the Railw^ay Board, and upon iron 
or steel railway wagons a substantial portion of the component 
parts of wliich had been manufactured ni British India. This 
Act was repealed by Act No. Ill of 1927 and the jiayment of 
bounties consequently ceased on Iho 31st March, J927 ; the Industry 
is, however, protected to a certain extent by varying tariffs on 
different classes of imijorted steel. 


There has been no real advance in the jadeite industry, which 
is a primitive one carried on in unadmini- 
steied territory in the neighbourhood of the 


Hukong. 
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There has been further marked progress in the operations of the 
Burma Corporation. Limited, at Bawdwin and Namtu, th^ property 
being now proved as one of the great lead- 
an ver. silver-zinc mines of the world. 1'he output 
of lead extracted from the ore rose steadily from 19,000 tons in 
1919 to over 77,000 tons in 1928; the annual production during 
1924-28 averaged 58,523 tons plus 1,020 tons of antimonial lead. 
The output of silver also increased, averaging nearly 5| million oz. 
per year as against 3^ million oz. for the previous five-year period. 
Copper and nickel are also being prodhced from this mine. 


The average annual output of magnesite, which had increased by 
77 per cent, daring the post-War quinquennium, further increased 
to some 20,000 tons during ilic five years 
Magnesite. 1924-28. The production was ihuived mainly 

from the deposits in Salem, Madras, with a small contribution from 
Mysore. 


With respect to manganese, India in 1907 overtook Russia, 
which was at that time the greatest producer of that mineral, and 
assumed the first place amongst the world's 
Manganese. suppliers of manganese-ore {see Plate G). 

This lead was lost during the yea^s 1912-15, but the War reinstated 
India, so far as the high-grade ore was concerned, in her former 
supremacy, in s])ite of increased competition from Brazil due to the 
same cause. Events since the War have not yet led to any change 
in the relative position of these three leading ]>roducers, but Brazil 
has since 1924 been ouste<l by the Cold Coast which nov\ occupies 
third position among the W'orhPs product rs. The record for the 
"present period in India has been that of a ndatively stable industry 
which has found its level in the world and has taken advantage 
of expanding markets. Competition and falling prices have, how- 
ever, begun to affect the prosperity which the manganese industry 
has enjoyed up to the year 1927. The period of discovery of new' 
and valuable deposits of manganese-ore seems to have passed. 
From 1924 the annual production rose from some 803,000 to 1,129,353 
tons in 1927 ; the latter is the highest yet recorded annual jiroduc- 
tion. In 1928 the production dropped to about 978,500 tons. 

Exports of manganese-ore from Russia from the middle of 1914 
up to the end of 1921 were negligible, but business was resumed 
again in 1922 and steadily increased in 1923. The exports for 
1922 amounted to some figure between 80,000 and 170,000 tons; 
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in 1923 they increased to about 350,000 tons. From 1924 to 1927 
this figure rose from nearly 485,900 tons to nearly 772,300 tons ; 
the figure for 1928 is not yet available, but will probably show a 
decrease. As before the War, the bulk of the ore came from the 
Chiaiuri region of Georgia. 

The price of first-grade ore, c.i.f. United Kingdom ports, fell 
from 22*9d. per unit in 1924 to between 16Jd. and 18^d. (for 
best Indian and washed Georgian ore) in January, 1928. This fall 
in price had been anticipated five or si'c years ago, when it 
became known that the Harrimari group of American financiers 
were negotiating with the Soviet Government for the development 
on modern lines of the Caucasus manganese ore. It might seem 
at first as if the termination of the Karriman interests in Russia, 
which became definite in 1928, would benefit the Indian producer. 
There is little doubt, however, that the Soviet, owing to their methods 
of purchasing labour, h(ild the key to the manganese situation and 
have it in their power to under-sell outsiders. The Soviet position 
is none-lheless unsound, and the chances are that the recently 
discovered large deposits at Postinasburg in the northern part of 
Ca})e Province of South Africa will prove a more formidable rival 
to Indian manganese than the lower-grade Russian material. Brazil 
is hampered by inadec[uale transport lacilities. The Gold Coast has, 
in fact, outstripped Brazil, and is another competitor which India 
has to consider. 

During the five years 1923 to 1927 the proportions contributed 
by India, Russia with Georgia, the Gold Coast, and Brazil, in the 
order named, were 35-2 per cent., 24-5 per cent., 12-2 per cent, 
and 9‘8 per cent., respectively, of the world’s output, which averaged 
2,625,000 statute tons annually. The United States produced as 
much as 305,869 tons in 1918, a figure which, promoted by war 
conditions, will probably never again be approached unless the 
stimulating conditions are repeated. The United States average 
output for 1924-28 amounted to 60,402 tons per annum. 

The average annual value of the ore produced in India during 
the years 1909-13 was £822,876. This increased to £1,052,403 for 
the period 1914-18, and again to £1,995,341 during 1919-23, the 
maximum value being £3,525,842 in 1920. During the period 1924- 
28 the average annual value of the Indian production amounted to 
£2,018,835, f.o.b. Indian ports. Taking the average values for the 
period, manganese-ore has taken a third position amongst the mine- 
rals produced in India, being exceeded by coal and petroleum only, 
and having superseded gold. 
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From figure 5 it is seen that all provinces, except Bihar and My- 
sore, shared in the continual rise in output during the liiat four 
years of the quinquennium. The rise in the case of Bihar 
place during the last two years. 



India is still 
the fields of 


Mlca« 
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portance. The production of fine splittings by hand is -an art which 
is performed to perfection in India. In fact, when the demand 
for mica splittings is brisk, a certain amount of mica is actually 
imjjorted into India for cjoiiversion into fine splittings and subse- 
quent export. India also holds a monopoly in the production 
of shellac, and has it in her power to hold a predominant x) 08 ition 
in the manufacture of inicanite, an artificial commodity made out 
of the smallest and thinnest films of mi<;a cemented together with 
shellac dissolved in spirit. Figure 6 shows the fluctuations in the 
total weight and total value of the mica exported during the 
twenty yeais. 



There was a sharp decluie in the production of monazite in 
Travancore, when compared with production during the previous 
five-year period. The industry has been kept 
alive by the sister-induatiy of Ilmenite. 


Monazite. 
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A regular production of nickel from the Bawdwin mine of Upper 
Burma was initiated in 1927 and is likely to become a regnhir feature 
of the mineral output from this ar^^a. The 
amount of spoiss, containing 24*8 per cent, of 
nickel, obtained in 1928 was 2,938 tons, estimated to be worth 
£39,922. The speiss contains from 3 to 4 per rent, of cobalt. 


The aveuage annual value of petrohmm produced has decreased 
from £7,038,298 for the period of the preceding review to HH, 288,229 

„ , , for the present period. The fall in the ex- 

Pctrolcurn. , 1 r t •• • n 

i'liauge value 01 Indian currency partially ac- 
counts lor this. TJie exports of pa ratlin wax rose from 58<S,110 
cwts. in 1924 to 993,520 cwts. in 192fS, but the peak production 
figure for 1928 is not likely to be exceeded to any ajij)rcoiable extent 
in the future. 




24 


Records of the Geological Survey of India. 


[VOL. 


Next to petroleum rubies used to form the. chief source of reve- 
nue amongst the mineral products of Burma. In recent years, 
however, the industry has been outstripped 
Spinet^' Sapphire and those of silver, lead, tin and tungsten. The 
Burma Ruby Mines, Limited, paid formerly an 
annual rent of two lakhs of rupees (£13,333) and a royalty of 30 
per cent, of their annual net profits. These terms were subsequently 
modified owing to continued depression in the industry. The aver- 
age value of the annual output of rubies, sapphires and spinels for 
the period under review was £26,228, as compared with £60,660 during 
the preceding period. 


The amount of salt produced annually during the period 1924-28 
has amoimted on an average to 1,636,932 tons, which shows a 
decrease of 161,066 tons over the figure for 
the previous quinquennium. The annual im- 
ports increased from 517,894 tons in 1919-23 to 680,943 tons in 
1924-28. Statistics shew that the consumption per head has fallen 
to the extent of about 6 per cent, bringing it to the level of pre- 
War days. 

Owing to the withdrawal of restrictions on the manufacture of 
saline substances in India, production figures for saltpetre sub- 


Saltpctre. 


sequent to 1924 are no longer available. The 
average annual exports exceeded 6,000 tons, 


the greater part of which went to Ceylon. 


In contrast with the stagnation of the sister industry of wolfram, 
tin mining has again progressed steadily during the five-year period 
1924-28. The high price of tin has played an 
important part in the increased output, which 
rose from an average annual figure of 138 tons valued at Rs. 4,16,296 
during the five years 1919-23 to 2,802 tons valued at Rs. 47,43,602 
during the quinquennium under review. Much of the work had 
originally been carried out on primitive native principles, but dredg- 
ing machinery is now a permanent feature, and many of the alluvial 
flats in Tavoy and Mergui have been and arc being systematically 
tested. Concessions have been granted for searching for tin-ore 
beneath the sea along the Tenasserim coast and will, it is hoped, 
meet with the success which has attended similar efforts in Java 
and other Eastern countries* 
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The large quantities of high-speed tool-steel required throughout 
the world in consequence of the war, led to a greatly increased 
demand for tungsten and its raw materials, 
wolfram and scheelite. Vigorous measures were 
taken to increase production in Burma ; by the year 1917 the output 
had been more than doubled and amounted to 4,642 tons. The 
value rose in even greater proportion from £176,160 in 1914 to 
£726,681 in 1918. These figures, however, were artificial ; the price 
per unit was fixed by the British Government at a figure consider- 
ably above the previous market rate and all wolfram was taken 
over at that price. This, although highly profitable to the pro- 
ducer, did not represent the true market value of the material, 
the price offered in the American market being nearly double the 
control rate. After the War the wolfram market suffered an ex- 
pected collapse, and mining operations in Burma dwindled to an 
output of under 900 tons in 1921. There has been no appreciable 
recovery since, the average annual production during the quinquen- 
nium amounting to 966 tons. China still dominates this market 
and exported some 7,000 tons of ore in 1926 and approximately 6 000 
tons in 1927. 
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III.- DCTAILED ACCOUNT OF THE MINERALS OF GROUP I. 


Antimony. 

[E. H. Pascob.] 

A mining lease to work the well-known antimony-ores (stibnitc 
with oxides) near the Shigri glacier in Lahanl, Punjab, was granted 
in 1904 to Colonel R. H. F. Rennick. The 
stibnite lodes are associated with gneissose 
granite and are situated at an elevation of 13,600 feet ; to reach the 
locality it is necessary to cross the Hamta pass (14,500 feet). Work is 
possible for two or three months only in the year and labour and 
supplies have to be brought from the nearest village, 3-^ marches 
away. In spite of these difficulties, however, (blonel Rennick 
succeeded in 1906 in shipping over 400 maunds (16 tons) of stibnite 
to England, making use of migratory flocks of sheep as transport;. 
Since then further quantities were quarried and the deposits are 
thought to be extensive enough to yield 200 to 400 waunds of slib- 
nite a year, but no further shipments were made on account ol the 
low price of star rcgulus. The stibnite has yielded 6 dwts. of 
gold per ton. Galena and blende are also found in the same locality, 
the former being argentiferous. No production from this area 
has been reported since the quinquennium 1904-08. 

The existence of an antimony deposit of considerable size in 

the Mong Hsu state, one of the Southern Shan States, was con- 

, r.. . sidered to be indicated by the return, amongst 

Southern Shan States. ,, . i . i- x t) x ® r 

the mineral statistics for Buima for 1908, of 

an output, under a mining lease held by Mr. W. R. Hillier of Lashio, 

of 1,000 tons of antimony-ore, of which 11 tons were sent to London 

for assay and valuation. The output from the Southern Slian 

States in the following year was recorded as 2^ tons, since when there 

have been no returns. Further details regarding these deposits 

have been published in the Records of this department by Mr. H. C. 

Jones, who concludes that none of them appears to be large or of 

much economic value.^ 


^ Bee, Oeol, Surv. Ind., LIII, pp. 44-50 (1921). 
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In 1906, stibnite with cervantite was found in the Noithern 
Shan States.^ The lead slags at Shekran in JhalaA\an, Baluchi- 

Anilierst district Nor- found to be antiinonial.® The 

llicni Shan States and tetrahedrite found in the Sleemanabad copper 
other localities. lodes- is also highly antimonial. A few pounds 

of antiniony-orc were recorded from the Jhelum district, runjab, 
for the years 1914 to 1918, but no output has been reported since. 
Stibnite has for many years been known to exist in the Amherst 
district of Burma. In response to a considerable demand for anti- 
mony during the year 1916, the supply from this district, derived 
from two or three localities, was increased to 1,000 tons, but fell to 
105 tons in 1917 and to nil in 1918. Dr. A. M. Heron recently 
investigated these occurrences and concluded that, at the price of 
antimony obtaining in 1921, some of them could be profitably ex- 
ploited ; a description of his work has been published in the Records 
of this department.* During the quinquennial period under consi- 
deration 10 tons of antimony-ore, valued at Rs. 345, were produced 
in the Amherst district in 1926, 108 tons valued at Rs. 2,688 in 
1926, 500 tons valued at Rs. 10,600 in 1927 and 370 tons valued at 
Hs. 10,300 in 1928. Mysore responded to the same stimulus but 
rhe production fell to 0*1 ton in 1918, and has since ceased. Since 
1924 antimonial lead has been obtained as a by-product in the 
refining of lead at the Namtu smelter of the Burma Corporation. 
The yield in 1924 was 1,200 tons valued at Rs, 3,06,172 (£22,027), 
in 1925 1,100 tons valued at Rs. 2,83,909 (£21,347), in 1926 1,057 
Ions valued at Rs. 3,20,600 (£23,918), in 1927 503 tons valued a1 
Rs. 1,33,065 (£9,930), and in 1928 1,241 tons valued at Rs. 3,17,011 
(£23,668). This product contains approximately 77 per cvnt, of 
lead, 21 per cent, of antimony and from 6 to 8 oz. of silver to the 
ton, and is exported to the United States of America for further 
treatment. 

Antimony is mostly used for the hardening of alloys, to which 
it gives the useful property of a slight expansion on solidilication. 

For this purpose it is an ingredient of type- 
metal, and is responsible for the sharp defini- 
tion of the t 3 rpe. Nearly three-fourths of the antimony produced 


^ L. L. Fermor ; Bee, OeoL 8urv. Ind,, XXXIII, p. 234 (190C). 
2 G. H. Tipper ; ibid, XXXV, p. 61 (1907). 

■* L. L. Ferraor ; ibid, XXXIII, p. 62 (1900). 

« Bee. Geol. Svrv. Ind., LIU, p. 84 (192]). 
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m the world is used for the following four purposes : the manufac- 
ture of (1) battery plates (in the form of antimonial lead) ; (2) 
‘ babbitt ’ metal ; (3) solder and other soft metal alloys, and 
(4) hard-lead for pipes, taps, etc. It is also used in the pre- 
paration and manufacture of pigments (especially the yellow sul- 
phide), matches, fireworks, enamel frits, cable sheathing, glass 
(colouring and ‘ fining ’ agent), bearing or anti-frictional metal, 
brass (including bronze), shrapnel and other bullets, foil, lighting 
fixtures, primers for explosives, furniture-polish and medicines. It 
is used in the rubber industry, and as a mordant in dyeing and 
calico-printing. 

Chromite. 

[E. H. Pascoe.] 

Occurrences of chromite in India are usually associated with 
serpentine and other rocks of the peridotite family, and are known 
in Baluchistan, in Mysore, in the Singhbhum district of Bihar and 
Orissa, near Salem in Madras and in the Andaman Islands. Ser- 
pentine and peridotite are found in large quantities in the Minbu 
district of Burma, in Manipur^ and further north in the direction of 
Sarameti peak in the heart of the Arakan Yoma* ; the chances of 
discovering chromite in the last mentioned locality are good, though 
none has so far actually been reported. The deposits at Karuppur in 
the * Chalk Hills ’ near Salem have been known for a long time, 
and attempts were made many years ago to work them but were 
given up. The mineral is found in very thin veinlets lying cither 
amongst the magnesite or between the magnesite and the wall of 
the magnesite vein. Veins of chromite of some size must, however, 
occur somewhere in these hills, for in many of the streams pieces of 
the mineral ranging up to a foot across have been picked up.* The 
ore, which some 100 tons were removed during the earlier half 
of the last century, yielded on analysis 49 per cent, of Cr208- -A.C- 
cording to Holland the chromite is here associated with intrusions 
of dunite. A small vein of chromite, 4 inches thick, crops out in the 
Eanjamalai hill near by. 

Blocks of chromite were found near the village of Chakargaon 
near Port Blair in the Andaman Islands, but the mineral was not 

E. D. Oldham; Mtm. Oeol. Surv. Ind., XIX, pp. 224-226 (1883). 

E. H. Pasooe ; Rec, OeoL Surv, Ind,, XLII, p. 268 (1912). 

C. S. Middlemiss; Ibid, XXIX, p. 34 (1896). 
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found in situ and appeared to be confined to one spot ; no attempt 
has been made to work it.^ No trace of chromite has been found 
in the serpentine series of the Middle Andaman during a recent 
survey. 

Chrome iron ore was noted in Baluchistan by Vredenburg in 
1901, who reported its occurrence in segregated masses of ser- 
Oaluchlstan pentine along the hills bordering the Zhob 

valley and in the upper valley of the Pishin 
river. In one spot, some two miles east of Khanozai, a mass 
of almost pure ore measuring about 400 feet in length and 5 feet 
in breadth, was found. Work was commenced in 1903, the pro- 
duction for the first year being returned as 284 tons. The industry 
received a gigantic impetus during the Great War and the 
output rose in 1918 to nearly 23,000 tons. In 1919 it was 

affected by the general lump which succeeded and fell to about 
13,200 tons. In 1920 it recovered itself, and the average annual 
output for the five years 1919-23 amounted to 20,358 tons. The 
total output for the two producing districts, Quetta-Pishln and 
Zhob, is shewn in Table 7. The average annual output of Balu- 
chistan lor the period under review was 17,855 tons, being a decrease 
of 12*3 per cent, over the preceding quinquennium, The chromite, 
which is exported from Karachi, is of high grade. 

In Mysore State chromite occurs in the districts of llassan, 
Mysore, Kadiir and Shimoga. It has been worked in the first 
three districts only, the production lor 1907, 
the first year of work, being 11,029 tons. 
The output, which had sunk to nil in 1910, 1911 and 1912, 
rose like that of Baluchistan during the War and owing to the 
extraordinary vigour of Messrs, Oakley, Bowden and Company, 
who held a prospecting license, reached the high figure of 33,740 
tons, much of it high grade ore, in 1918. In 1919, 22,372 tons 
were raised, but a slump ensued in 1920, 1921 and 1922, during 
which the average output fell to 4,598 tons. In 1923 there was 
a smart recovery to 29,009 tons, and the past quinquennium has 
witnessed an average annual production of 23,833 tons, most of 
which was derived from the Hassan district ; the only contribution, 
amounting to 1,900 tons, from the Kadur district was made in 
1925. Chromite seems to have been first iound in Mysore State by 
Mr. H. K. Slater, who discovered a rock shewing grains of chromite 


Mysore. 


1 Bee. Qeot. Sum Ind., XYl, p. 204 (1883) and XVlll, p. 83 (1885). 
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in a ialcoso matrix near Harenhalli in tlie Shimoga district.^ Even 
ilie richest specimens did not indicate more than 35 to 40 pe^’ cent. 
ot CrgOg. 

A geological survey of the chromite area to the west of Chaibassa 
in Singh bhum, discovered by Mr. E. Saubolle in 1907, has shewn 

Bihar and Orissa occurs as bed-like veins and as 

scattered grannies in scrpentinized saxonites and 
dunites forming laccolitic intrusions several hundred feet thi(;k in 
Dharwar slates and slaty shales. As in Baluchistan the chromite 
is of primary (magmatic) origin and contemporaneous with the 
peridotites. The subsequent serpentinization of the peridotites 
has been accompanied by widespread silicitication with the produc- 
tion of marginal zones of chert. The ore-bearing horizon is 
unusually persistent over a considerable distance, but the total 
amount of ore does not appear to be large. As exported the ore* 
carries 50 per cent, of Cr^Og and upwards, but the possibility 
of conc(jntrating ores of lower grade is worth consideration. The 
output from Singhbhum has been small but steady and averaged 
2,104 tons during the live years under consideration, as comj)ar(‘d 
with 1,611 tons a year during the previous five years. 


Coal. 

[Cyril S. Fox.] 

More than 150 years have elapsed since the first etforf.s were 
made in 1774, in the time of Warren Hastings, to utilise Indian 

Introduction. purposes. It is only since 

about 1815 that mining operations have bei*u 
more or less sustained. The discovery and development of various 
coal-fields, irregular at first owing to the difficulties of transport 
and the uncertainty of demand, has continued since 1829. Be- 
tween the years 1882 and 1919 Indian coal production increased 
steadily— being somewhat accelerated during the War period 1914- 
1918. The highest output of coal recorded from Indian mines is 
that of 1919, when the production totalled 22,628,037 tons. With 
the cessation of the War, at a time when the various collieries were 
in a condition to meet increased demands, there were all the ])oten- 
tialities of a slump. Indian coal vendors were to some extent 

^ Rec. Mysore Oeol, DepL It, p. 129. Itep. Chief Inspe/U, Mines, Mysore, nK)0-07. 

p. 39. 
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fortunate in that the slump in prices did not immediately accom- 
pany the diminished demand. Owing to the shortage of wagons, 
to underground fires, to floods, to sickness and labour trouble, the 
collieries were at first unable to supply the markets and the prices 
of coal soared. In the course of two or three years the congestion 
had disappeared and the long expected fall in prices began in 1923 
and has continued throughout the quinquennial period, 1924 to 
1928, under review. Although the output of coal has improved 
steadily during the past five years, the total value of the coal has 
decreased year by year owing to the severe fall in the price of coal. 
The year 1928 is the worst of all in this respect, as seen in the 
accompanying Tables 8 and 10. 

1.— Statistical information on Indian coal. 

It has been customary to discuss first the statistical data when 
reviewing the progress of the Indian (;oal industry at each quin- 
quennial period. The past decade has been of such a character 
that the details of the last five years do not give a complete review. 
In the circumstances, I have found it best to give statLstical informa- 
tion for the whole period since the Armistice. These particulars, 
given in a scries of Tables, relate to the production, consumption, 
exports and imports of coal. Whenever possible, a comparison 
has been made of the production of competitive countries, e.g.y 
South Africa, Australia and Japan ; and of the imports of Ceylon 
and the Straits Settlements. The Tables have been arranged in 
the following order : — 

(8) Production and value of Indian coal during the years 1919 

to 1928. 

(9) Output of Indian coal by Provinces for the years 1919 to 

1923 and 1924 to 1928. 

(10) Average pit’s mouth value (per ton) of Indian coal extracted 

from the mines in each Province during the years 1919 

to 1923 and 1924 to 1928. 

(11) Declared export value per ton compared with value at the 

pit’s mouth for the years 1919 to 1928. 

(12) Production of coal (including lignite) in the four largest 

British Dependencies during the period 1917 to 1927. 

(13) Comparison of Indian and Japanese coal statistics — Pro- 

duction, imports, and exports, sinoe 1886. 
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(14) Relation of Indian production of coal to total consumption 
of coal in India during the period 1919 to 1928. 

(16) Estimated consumption of coal in India in tlie official 
years 1922-23 and 1927-28. 

(16) Coal consumed on Indian railways during the years 1918-19 

to 1927-28. 

(17) Coal carried for the public, etc., by Indian raihvavb and 

compared witli the «^arnings from coal traffic by these 
railways during tlie years 1918-19 to 1927-28. 

(18) Indian imports and exports of coal annually since J914. 

(19) Origin of foreign coal imported into British India tor 

public use during the years 1919 to 1928. 

(20) Exports of Indian coal to foreign ports during the years 

1919 to 1928. 

(21) Exports of Indian (joal from Calcutta to Indian ports 

during the years 1919 to 1928. 

(22) Ceylon. Im])Od/S of coal into Ceylon during the years 

1919 to 1928. 

(23) Straits Heltlements. Imports of coal into the Straits Settle- 

ments during the years 1919 to 1927. 

These 16 Tables (8 to 23) are given below : — 


Table 8. — Production and value of Coal during the gears 1910 to 

1928. 


Year. 

Quantity. 

' Total value at the mines 

Averuye value per ton 
at the mines. 


Tons. 

Ra. 

_ 

£ 

Ra. A. 

B, 

d. 

1019 . 

22,028,037 

10,11,92,504 

8,799,JS3(o) 

4 8 

7 10 (a) 

1920 . 

17,962,214 

9,29,78.532 i 

9,297,853(6) 

5 3 

10 

im 

1921 . 

19,302,947 

13,01,00,652 

8, 673, 377(c) 

6 12 

y 

0(c) 

1922 . 

19,010,980 

14,63,30,142 1 

9,75S,343(f} 

7 11 

10 

S{t) 

1923 . 

19,056,883 

14,0O.6U,747 ' 

9,737,316(0) 

7 7 

0 

11 (0 

1924 . 

21,174,284 

14,90,53,419 , 

I0,766,433(<2) 

7 1 

10 

2(d) 

1925 . 

i 20,904,377 

12,64,00,908 

9,S03,828(e) 

6 1 

y 

1 (C) 

1920 . 

20,999,167 

10,14,99,634 1 

7,S74,S99(/)i 

4 13 

7 

(/) 

1927 . 

22,082,330 

9,48,70,013 ' 

7,079,852(/) 

4 5 

6 

6 (/) 

1928 . 

22,542,872 

8,84,95,027 | 

6,604,1 06(/) 

3 15 

5 

32 (I) 


(a) Rupee— 1«. SJd, 
\d) Rupees 


(b) Rupees 29. 

(e) Rupee=l9. 6d. 


(c) Rupeo=l9. Ad. 
(/) Rupee— 19. 6c2. 




Table 9. — Output of ludian Coal hy Provinces for the years 1919 to 1923 and 1924 to 1928, 


[ VOL. 
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Total. 

1928 f 1924 to 
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^ eocoooio : t-icD 

^ F'-eSt:^ owoS weS 

iH^eo co*H 

,H eP/H iHOSM 

i 

3 

1 '. 

0 

Tons. 

298,089 

17,931 

5,639.993 

14,827,453 

' 218.750 1 

732,353 
734,765 

46,152 

27,386 

0) 

& 

of 

1 1927 

I 

• IM'^OO r-iOO« >^00 

a '<4i«t<OiCO «OiOrH OlO 

g co'»*‘ 0 'CO <ot^c{ I'-eo 
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s 
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[ 
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M aTVeooo" oTmt^ ; ><♦<10 

r-kCOrHeO ,-(So l'^ Cl 

« oi® c>ir-<o 

■kiTw 

& 

1 

8 ‘ 

1924 

Tons. 

334,842 
40,557 
' 6,031,655 
14,105,529 
255 
235,298 
679,081 
644,775 

80,422 

21,870 

i 

iH 

d 

Total. 
1919 to 1 
1923. 1 

. SSSK^g^SS Sr: 

9 , otiOdiioei^fHeo ao«o 

^ SS 

& 

0 

ojoi / OtHO'^a f-io 

, , 'Vfi <0 f'- ^ r- lO ^ 91 0 f -4 

91 1 § 0 9i'»^9fi-rif9 00'‘a0 : COI> 

0» 0 Cl ^ 91 1- ■ 5 ; lO «D 

|HeO «0 9jir.iiO«) 

( -♦« 

1 

§ 

a 

1 

1922 1 

Tong. ! 

348,103 
60,135 
4.328,986 
12,711,328 
172 
161,231 
676,916 s 
642.6S0 

67,180 

15,055 

1 

s 

0 

0 > 
f — 1 

1921 

Tons, 

312,465 

54,627 

4.259.642 

12,990.481 

300 

192.034 

712.914 

688,721 

1 

67,242 

24,521 

5 ; 

09 

ef 

09 

0 

(M 

a» 

Tons. 

325,535 
33,941 
4,207,452 1 
11,975,656 

153,051 

491,205 

694.080 

58,078 
18.216 , 

1 

•O' 

»-l 

3 

s 

1919 

. *tkeoeic^iOiHr-nco eoo 

m W(MC0'-^C3-^01®CJ 

a i'* cc <c «fs »-jo 1 -^ 00 1 > 

p r-TVl'*® rHcil- cf teV 

H oeoi-'-' uoojo 

Cl I-rH .H'flO 

ICO 

s 

§' 

It 

1 

ProTince. | 

1 

1 

Assam 

Balnchistan 

Bengal 

Bih&r and Orissa 
Burma 

Central India 
Central Pro^ luces 
Hyderabad 
Jforth- West 
Frontier Pro- 
vince. 

Punjab 

Bajputana (BJ- 1 
kaoir). 

Total 
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111 the following Tabic 1 1, tlio average value of tlie coal at llie ])it’s 
mouth, obtained from both Benged and Bihar & Orissa ligiues, is 
compared with the average declared export value per ton. 


Table 11.'- Export value compared with pifs mouth value for the 
years 1919 to 1928. 


Year. 

Declared export 
value per ton. 

Value at the pit’s 
mouth, per ton. 







Rs. 

A. 

Rs. A. 

1919 . 






11 

14 

4 

5 

1920 . 






12 

13 

6 

1 

1921 . 






13 

16 

0 

10 

1922 . 






13 

8 

7 

10 

1923 . 






17 

2 

7 

7 

1924 . 






10 

9 

7 

1 

1925 . 






15 

0 

G 

0 

192(1 . 






12 

14 

4 

12 

J927 . 






12 

2 

4 

2 

1928 . 






11 

9 

3 

12 


All examination of the statistics relating to the production of 
coal in India shows that there has been a more or less general incrc^ast", 
year by year, since the sharp fall in 1920. The output in 1928 is 
almost (‘qual to that of the record year 19J9, and it is jirohahh* 
that the total production in 1929 will exceed it. It is true that 
Burma has ceased to be a producer of ('oab and that tlie produ(tit)n 
of Baluchistan has fallen somewhat apprecialdy, Assam shows a 
smaller output than in 1919 to 1923. In the case of Baluchistan 
the cause is directly due to the closing down of Kliost colliery. 
The demand for Punjab coal has not been brisk, due largely to Ihe 
relatively lower prices at which Bengal coal has recently been offered. 
In Hyderabad the increased output appears to be encouraging, as 
n(*w pits were being simk and a new area opened up. Assam 
coal has suffered slightly in competition with petroleum due trr 
several tea gardens adopting oil engines for power purposes. The 
rise in output from Central India has been in spite of competition 
with Bengal coal. Notwithstanding the closing down of a few 
collieries in the Central Provinces there lias been a general im- 








Table 12. — Production of Coal in the four largest British Dependencies for the years 1917 to 1927. 
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provement in the coal trade from that region. And in the case 
of the Damuda valley coal-fields there has been a marked incrciase 
in total production altliough many small collieries, engaged in work- 
ing the poorer gradt* seams, have been obliged to close (iown. 
From available figures India, as regards her coal trade, is in a Ixdtor 
position than South Africa and Australia, but falls behind Japan. 


Table 13. — Comparison of Indian and Japanese Coal statistics. 


Yoar. 

PRODUCTION. 

Imports. 

J2KPOETB. 

Quantity 
retained for 
consumption 
in Japan. 

India. 

Japan. 

India (a) 

Japan. 

India (a) 

Japan. 

1885 . 

1.204,221 

1,204,000 

790,030 

12,876 

760 

101,802 

1,115,074 

1800 . 

2,168,621 

2,560,661 

784,664 

12,301 

26,649 

853,720 

1,726,132 

1806 . 

3,640,010 

4,783,861 

761,996 

68,031 

81,126 

1.376,068 

3,420,724 

1900 . 

6,118,602 

7,369,068 

136,640 

108,503 

400,401 

2,402,785 

6,074,876 

1005 . 

8,4J 7,739 

11,407,799 

197,784 

329,495 

783,061 

2,507 527 

9,220.767 

1009 . 

11,870,064 

14,732,970 

400,421 

129,858 

568,940 

2.798,563 

12,004,265 

1013 . 

16,208,009 

20,973,384 

644,034 

567,502 

760,210 

3,808,304 

17,732,192 

1918 . 

20,722,403 

27,578,962 

64,346 

755,452 

74,406 

2,161,727 

26.172,677 

1919 . 

22,628,087 

30,707,537 

48,676 

688,402 

508,635 

1,968,543 

29,487,396 

1020 . 

17,962,214 

28,775,860 

39,727 

796,892 

1,224,872 

2,096,305 

27,170.956 

1021 . 

19,302,047 

26,220,617 

1,000,740 

777,266 

277,862 

2,387,709 

24,610,103 

1022 . 

19,010,086 

27,266,606 

1,220,639 

1,168,624 

150,055 

1,690,690 

20,734,330 

1928 . 

19,666,883 

28,483,671 

624,018 

1,658,788 

182,606 

1,549,004 

28,693,350 

1024 . 

21,174,284 

20,626,002 

468,716 

1.070,978 

272,436 

1,711.292 

29,806,588 

1025 . 

20,904,377 

30,958,817 

488,160 

1,740,500 

207,026 

2,004,515 

29,000,802 

1020 . 

1 

20,909,367 

30,921,479 

103,008 

2,012,620 

661,711 

2,600,316 

30,813,689 

1 

1927 . 

22,082,330 

32,425,285 

248,603 

2,660,566 

620,136 

2,173,449 

82,912,302 


(a) ^xclqdeft GovernmeDt ttorei. 
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Nearly 98 per cent, of the Indian output of coal is consumed in this 
country, and as the production of coal has increased so the consump- 
tion has f^rown, although it is still below the amount donsumed in 
India in 1919. The largest consumers of Indian coal are the rail- 
ways an increase of over a million tons being evident between 1922 
and 1927. There lias been a falling off in the demand from cotton 
n\ills, but this is almost exactly offset by the increased tonnage of 
bunker coal. Perhaps the most attractive increase is in the supply 
for metallurgical purposes, and iron and steel smelting in particular. 
The requirements of these iron works are now more than double what 
tliey were live y(‘ars ago. There has been a slight improvement as 
reg.irds the consumption of coal at collieries— a smaller quantity 
ladng now rc'ported, but this is largely due to several collieries having 
closed dowm. The amount of coal recorded from oth(‘r forma of 
industrial and domestic consumption is less than half the figure of 
tiv(' years ago. The increased quantity of coal carried by the rail- 
ways is an indication of the larger demand for coal in India. 


Table 14 . — Relation of consumflion to froduction (a). 


Year. 

Total consump- 
tion of coal 
ill India. 

Consumption of Indian coal 

IN India, 

Quantity. 

Percentage of 
Indian 
prodnetion. 




Tons. 

Tons. 


1010 . 



22,168,495 

22,118,893 

97‘7 

1920 . 



16,770,083 

10,736,215 

93-2 

1021 . 



20,122,242 

19,025,453 

98^6 

1022 . 



20,182,565 

18,933,243 

90 6 

102:i . 



20,163,705 

19,520,292 

99-3 


Averaye 


}9,S82.616 

19^66,019 

97-7 

1024 . 



21,463,351 

20,966,830 

090 

102ri . 



21,203,429 

20,687,449 

98 9 

1020 , 



20,693,497 

20,380,465 

97 1 

1027 . 



21,754.749 

21,503,835 

97-4 

1028 . 



22,145,212 

21,913,066 

97-2 


Average 


21,432,048 

21,090,328 

97 9 


(a) The conaimiption of coal is assiiroed to be production pins imports mintis exi^orta. 
In the exports and imports a ton of coko is taken to bo equivalent to 2 tons of coal. The 
imports exclude Government stores. 
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Table lb.— Estimated consumption of coal in India durimj the ymrs 

1922 and 1927. 


— 

Estimated 
Consumption 
in 1922-23. 

Per cent, 
of total. 

Estimated 
consumption 
in 1927-28. 

Per c^nt. 
of total. 

Kailways 

nkms. 

6.186.000(rt) 

30-8 

Tons. 

(a)7,2r>9,000 

33-r, 

Adndraltv and Koyal 

40,000 

0-2 

27,000 

0-1 

Indian Marino. 




Jhinkcrcoal 

790,000 

•H) 

I, .31 7,000 

0-1 

tVdlon ndlls 

1.131,000 

s-o 

S30,()(M) 

3-S 

.lute mills 

942,000 

4 7 

936,000 

4-3 

Iron industry’’ (including 

2,416,000 

J'4'0 

5,200,000 

24-2 

ougineering work- 

shop a). 

Volt Trusts 





210,0(K) 

11 

205,000 

0 0 

Inland steamers . 

682.000 

2-,9 

03«,0<KJ 

2 0 

Bii<‘k kilns, i>o(t<Tics, 

437,000 

2-2 

606, OW) 

20 

cement works, etc. 





I’ea gardens 

204,000 

10 

223,000 

1-0 

raj)cr mills 

147,000 

0-7 

1 .">0,000 

0-7 

r'olli«'iios and wastage . 

2,471,000 

J2-3 

2,208,000 

1(, 

Other forms of industrial 

4,521,000(6) 

22'5 

2,086,000 

.9-7 

iV domestic consump- 
tion. 

Total . 





20,082.000 

100-0 

21.706,000 

100-0 


(n) Vor the official years 1922-23 and 1927-28. 

(h) This fi^rure appears high but it includes many t'lasses of establishments and fa' - 
toi ics which arc worked by steam power, such ns cotff)n gins and preascs, jute pre sscs, 
lice and Hour mills, dock yards, oil mills, water works, electric power stations, pss woiks. 
tramways, gold and other mines, sugar factories, lime kilns, bi-eweriea and distilleries, 
ice and aerak'd water fatdories, mints, iminieipal workshops, flour mills, woollen mills, 
(hemieal works, dye works, rojw works, glass works, lac and indigo factories, etc. A 
cert aiu amount of coke is used for domestic consumption and its use is extending owing 
to the growing scarcity and increasing cost of wood fuel. 


Table 16. — Coal consumed on Indian Bailway s durinq the years 1918- ID 

to 1927-28, 


Year. 

Indian Coal. 

FoRBiaN Coal, 

Total <’»)N- 

aUMPTlON. 


Quant ity. 

Per cent, 
of total. 

Quantity. 

Per cent, 
of total. 


Tons. 


Tons. 


Tons. 

1918-19 . 

6,880,106 

100 

904 

, . 

.5,881,129 

1919-20 . 

0,066,492 

100 

.SOU 

, . 

0,0,60.3.'52 

1920-21 . 

0.287,008 

100 

680 


0,287,064 

1921-22 . 

6,478,902 

88-5 

7l(h000 

11-5 

6,188,908 

1922-23 . 

6,470,041 

88-5 

71th329 


0,180,370 

Average 

5,835,534 

95'4 

284,661 

mgm 

0,120,095 

1923-24 . 

6,000,693 

98-0 

123,301 

2-0 

0,184,054 

1924-26 . 

6,606,446 

99-5 

33,493 

0-5 

6,038,939 

1026-26 . 

6,650,241 

99-8 

12,836 

0-2 

6,503,070 

1926-27 . 

6,433,284 

99-9 

4,697 

0-1 

6.437,881 

1027-28 , 

7^67,623 

99-9 

1,804 

0-1 

7,269,427 

Average 

6,581,457 

99-4 

35,218 

0-6 

6,616,676 
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TABTiK 17. — Coal carried for the Public in India and for Foreign Bailway 8 
during the years 1918-19 to 1927-28. . 


Year. 

Coal oarriod on 
Indian Railways. 

Earnings of Railways 
from coal Traffic. 






Millions of Tons. 

Rb . Million. 

1918-19 





23-26 

88-04 

1919-20 





21-40 

79-08 

1920-21 





21-86 

82-14 

1921-22 





18-78 

72-99 

1922-2 a 





20-37 

85-30 

1923-24 





19-86 

82-23 

1924-26 





22-86 

91-66 

1926-26 





22-01 

89-64 

1920-27 





23-91 

90-37 

1927-28 

• 




26-78 

96-03 


When we Btiirly the data on Indian imports and exports of coal 
there is seen to be a very satisfactory balance of trade in favour of 
India as regards tonnage. The imports, a little over 200,000 tons in 
1928, are roughly J of the exports. It is believed that this satis- 
factory trend of the coal trade is due to the strict observance of 
quality in the export of Indian coal. And to the same factor must be 
ascribed the gradual replacement of foreign coal by Indian coal in 
the Indian market. The only serious competitor in India is the 
coal imported from South Africa, particularly from Khodesia vid 
Beira. It appears likely that, with careful attention to quality and 
the reduction in freiglit recently granted by the State Railways, the 
imports of foreign coal will be further redu* ed by substitution from 
Indian sources. The improvement in the export trade can bo 
gauged by the imports into Ceylon and the Straits Settlements, In 
the former case India and South Africa are each striving to mono- 
polise the trade but so far the imports are about equally divided 
between them. In the Straits Settlements the market is supplied 
from several sources but South Africa and Japan have a considerable 
share in the trade, with Dutch Borneo and Sumatra also attractively 
engaged. Nevertheless in this market Indian coals have been 
imported in rapidly increasing quantities and exceed the supplies 
despatched from Sumatra. The trend. of the trade shows that Indian 
coal is actually displacing the coals from Japan and South Africa. 
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Table 18. — Indian imports and exports'*^ of Coal during the years 1914 

to 1928. 


Year. 

Imports. 

Exports. 





Tons. 

Tons. 

1914 .... 




118,758 

579,746 

1915 .... 




190,664 

763,042 

1916 .... 




84,033 

881,741 

1917 .... 




44.818 

408,117 

1918 




54,346 

74,460 

1919 .... 




48,075 

508,537 

1920 .... 




39,727 

1,224,758 

1921 .... 




1,090,749 

275,571 

1922 .... 




1,220,639 

77,111 

1928 .... 




024,918 

130,575 

- 

Average 1911-7923 




376,732 

491,966 

1924 .... 




40.3,710 

206,483 

1925 .... 




483.160 

210,000 

1920 .... 




193,908 

017, .563 

1927 .... 




243,003 

570,107 

1928 .... 




210,180 

020,343 

A otro/ge 1924-1928 

• 

• 

• 

318,914 

448.529 


* Excluding bunker coal and Government Btoros; but including coke and patent fuel. 


Table 19. — Origin of Foreign Coal {a) imported into British India 


Ykab. 

United 

Kingdom. 

Aufllra- 

Ua. 

Union of 
South 
.Urica. 

Jap.in, 

Portu- 
guese East 
Africa. 

Other 

Coun- 

tries, 

J'ul.il. 


Tons. 

Ton-i. 

Tons. 

Tons. 

Tons. 

Tons. 

Tot il 

1910 . 

5,643 

3,329 


927 

10,880 

3,807 

48,075 

1920 . 

6,022 

8,134 

7,835 

1,392 

L0.33 

0,111 

39,727 

1921 . 

441,305 

111,384 


68,071 

156,553 

0,460 

1,090,749 

1922 . 

742,409 

17,849 

230,031 

55,547 

137,122 

11,018 

1,220,639 

1923 . 

131,739 

59,380 

281,793 

4,600 

115,042 

31,404 

624,018 

Averaije 

263,236 

40,013 

170,144 

20,719 

90, *^87 

11,941 

604,942 

1924 . 

109,910 

21,803 

185,141 

2,3S4 

141,637 

2,936 

48 t,71H 

192G . 

124,111 

7,495 


7,470 

130,812 

1 9,583 

483.160 

1920 . 

36,142 

13,328 

89,011 

7,229 


2,109 

193,908 

1027 . 

55,903 

11,017 

133,827 

5,869 

29,314 

7,673 

243.603 

1028 . 

40,23.1 

5,321 

129,734 

380 

31,577 

2,941 

^10,186 

Average 

73,061 

11,792 

148,560 

4,666 

75,787 

5,048 

HI 8,9 It 


(a) Exoludlug Oovernmeat atoro9 bub iaoludlng ooke.l 


B 
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Table 20. — Exports of Indian Goal (a). • 



1010 

1020 

1021 

1022 

1023 

Amnifie. 


Tons. 

Tons. 

Tons. 

Tons. 

'Cons. 

Tong. 

Aden .... 

13.526 

83.609 

17,676 



32,954 

(Jfiylon .... 

206,102 

6S.5.669 

236,616 

70,742 

119,620 

282,951 

Java .... 

17,100 

16,083 


60 

100 

6,886 

Straits Settlcmonts . 

116,304 

238,365 

11,373 


lo,388 

74,284 

Sninatsa .... 

41,756 

60,473 

6,251 



23,496 

Other count rlea 

23,661 

(<*1141,619 

3,726 

310 

1,167 

34,130 

Total Exports # 

608.637 

1.224,768 

276,671 

77,111 

136.676 

44i,510 

Value In lls. 

60,38,110 

1,57,13,040 

38.47,305 

10,62,133 

23,41,900 

58,09,587 

Value In Sterling 

t525.05J 

(£1« 

Us. 11 5) 

£1,571,304 

(a=U8, 10) 

£256,403 
(£1 . 

Us. 15) 

£70.829 

(£1» 

Rh. 1.5) 

£166,131 
(£1 = 

«B. 15) 

Z51S,962 



1924 

B 

1026 

1027 

(6) J 028 

Average* 



Tone. 



Tona. 

Tons. 

Tong. 

Aden . 


7,42.3 



2 


13,353 

AT iurlilUH 





1,565 

1,700 

981 

Straits Settle men ts 


17,763 

18,761 

117,409 

117,405 

73,389 

74,966 

Sumatra 



612 

4,049 

15,568 


4,046 

Hongkong . 




2,085 

8,752 

110,701 

2i,W8 

I'eylon 


170.701 

104,180 

243,263 

341,352 

352,602 

260,421 

Other CouutrIcH . 


10,590 

870 

(r)191,356 

61,633 

(rf)87,051 

70,461 

Total Exports 

206,488 

216,090 

617,588 

576,187 

826,343 

448,529 

Value In Ra. 


34.10,098 

32,44,001 

70,3.3,246 

60,76,118 

72,47,597 

57,64,029 

Value in Sterling . 

, 

£24.5,078 

£243,017 

£502,033 

£520,606 

£640.885 

£428,679 



(£!»• 

»8. 130) 

(£1- 

j Us. 13 3) 

(£1- 
lls. 13-4) 

(El- 
lis. 13*4) 

(£1- 
Rs, 13- 1) 



(rt) KxoliuiliiK birnwr roll! and Oovernment stores but liicludInR coke and patent tuel. 
(h) Kxdurtea flRures for patent fuel 

<e) Includes 105,711 tons shippoil to Baypt and 51,308 tons to the United Kingdom. 
(ti) Tncltidwi 72,083ft«iM stripped to i*hflipptno Islands and Guam. 

(c) Includes 102,457 tons shipped Egypt. 
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Tablk 2] .--Quautitfj of coal, coke and patnU fuel, exported from Calcutta 
to Indian Ports during the years 1919 to 1928, 


rOUTS. 

301U 

1920 

1921 

■ 

1923 

Avtraijr. 


Tons. 

Tons. 

Torn. 

Tons. 

Tons. 

Toun. 

Bombay 

2r>,458 

136,862 

010,181 

82.17)0 

100,755 

‘JJJ,0S0 

Sind ..... 


75,990 

115,341 

28.791 

02,095 

{ny, 0,444 

MadriiH ; chief r»ort 

22, {51 

10.5.358 

197,130 

180,90.5 

194,002 

140,070 

Madras ; other ports 

8,S9!) 

2.5,387 

178,318 

175,8.50 

16,086 

Hn,9V0 

Burma ; cliicX port. 

122,709 

3.59,80 1 

117,120 

308,727 

459,353 

.i3J,Jb7 

Burma ; ublior latrts 

8,074 

9,402 

10,788 

8,956 

13,104 

10,300 

Bihar and Orissa . 

74 

318 

41S 

178 

2S7 

2JJ 

Bengal ; all ports . 

55 

17,099 

34.891 

22,199 

9,898 

IG,S28 

Pcmdichorry 

1,071 


600 



{a)Ul 

Katiilawar ; Dwarka 



29,833 


. . 

(0)5.95/ 

Katldawar ; Porhumler 


•• 

1,822 




Totat- 

189,954 

1,030,350 

1,506,442 

807,771 

856.240 

sur,,ii7 


(a) Avt rago ior five years. 


l*o«T8. 

(6) 1921 

1925 

1920 

1027 

H 

A ter age. 


Tons. 

Tons. 

Tons. 

T’ons. 

'rolls. 

Tout. 

Bombay .... 

174,356 

202,769 

319,855 

349.211 

282,111 

271,734 

Sliid 

01,379 

97,773 

170.071 

151 092 

138,915 

124,602 

Madras .... 

250,885 

291,299 

352,985 

110,797 

471,523 

357,208 

Burma .... 

282,870 

133,70.5 

529,780 


090,487 

542,678 

Bihar and Orissa . 

200 

37 

3,800 


1 

8k 2 

Bengal .... 


16,414 

10,008 

20,351 

21,531 

17,344 

Indian porta not Brillsh 


7,341 

00,585 

42,092 

87.054 

39,864 

Total 

786,110 

1.051,388 

1,477,760 

1,760.290 

1,604.082 

1,364,092 


(ft) For U muntha — April to December 10iJ4 ; figuren fortlm iijoutlia oi Juuuary to March 
are not available. 

u 2 


























Table 22. — Foreign coal imports of Ceylon for the years 1919 to 1928 
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Looked at broadly the question of the future of the Indian coal 
trade — its expansion both in volume and monetary value - is most 
complex. The markets for coal outside India, on the Indian Oc^an 
and western Pacific seaboard, do not absorb more than a fraction 
of the Indian output, but they will be valuable to the Indian coal 
vcMidor until a better market can be obtained. There seems to be 
little doubt that greater expansion of the Indian coal trade could b(i 
brought about by the cultivation of a demand for coal as household 
fuel ill this country. When it is remembered that the population 
of India is 300 millions and that barely 2 million tons of coal arc used 
for household purposes the potentialities of this trade appear 
attractive. It is, Jiowever, well known tliat any considerable measure 
of success in this direction involves long and expensive effort. The 
peo})le are poor, wood and dung are obtainable free, so that it 
would be unreasonable to expect them to use coal unless this was 
^supplied free. There are some areas, Eastern Bengal and Berar, 
wh(*rc a smokeless fuel will sell, and it is in these that a beginning 
can be made. At present only the inferior grade (high ash) co.ils 
are used in the manufacture of smokeless fuel or soft coke, ft is 
also true that tlui best quality (joking coals arc being used for steam 
raising purposes —in power stations and locomotives. It is probable 
that the successful application of j)uIv(Tisod fuel firing in Ixnleis 
and cement kilns will lead to some economy in the use of coking coal. 
The adoj)tion of low temperature distillalio'Y (carbonisai^ion) of coal 
may, when commercially successful, be of coiisitlerablo value to th<* 
Indian coal industry. 


II.— Geological Relationships. 

CWl in workable seams is known to occur in India at various 
horizons among the rocks of the Peninsula and in the Extra-Penin- 
sular regions of Burma, Assam, the Himalaya and Baluchistan . 
The most important coal seams are of coujae those in the Lower 
Goiidwana (Permian) strata of the Peninsula and in the Tertiary 
(Miocene) rcxjks of Upper Assam. Roughly 98 per cent, of the Indian 
production of coal is obtained from the Lower Gondwana coal seams, 
and the remainder is obtained from rocks of Tertiary age. No coal 
is now obtained from the Jurassic strata of the Loi-aii (Kalaw) field 
of the S. Shan States nor from the Pleistocene lignites of Nam-ma 
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and Lashio in the N. Shan States oi Burma. A list of the potential 
coal measures of India is shown below ; — 


Coal-iiold. 

12, Nam-ma, etc., N. Sban States, Burma 
11. Makiim, Nazira, Naga Hills, Up. Assam 
10. Cherrapuuji, Khasia Hills, Assam 
0. KaIowa» Chindwin river, Burma. 

S. Palana, Bikaner State, Rajputana 
7. Dandot, Punjab Salt Range, 

Khost, Sor Range, oU*.. Baluchistan 
0. Kalakot, Jarninu State, Kashmir 
5. Ilarenggiri, etc., (hiro Hills, Assam 
4 Lui-aii, S. Shan States, Burma . 

Raniganj series seams of Uanigarij and .lharia 


2. Barakar sorios seams of Jhaiia and 
fields. 

1. Karharbari seam, Giridih coal-field . 


Geological Age. 
Pleistocene. 

Miocene. 1 

Up. Eocene. J^Tertiary, 


>Lir. Eocene. 


J 


Cretaceous. 
Jurassic 
Up. Permian 


► ther Peninsular^ 


I Mesozoic. 

I 

Lower 




Lr. Permian. 


r 


()nd\\ ana. 


Typical analyses of the above mentioned coals are given in the 
accompanying columns : — 


Coal field. 

Moisture. 

Volatile 

matter. 

Fixed 

carbon. 

A^h. 

12. Nam Ilia, Bui ma 

Per cent. 
8-98 

Per coat. 
44-84 

Per cent, 
44-26 

l*or cent. 
l-93(a) 

»» f> . . 

28-74 

36-60 

36-,36 

3-40(6) 

f Makum, Assam 

204 

42-27 

64-27 

l-21(r.) 

11. Na/ira, Assam 

4-35 

48-00 

46-70 

1-96(J) 

l^Naga Hills . 

810 

38-48 

62-98 

0-39(e) 

10. Oherrapunji, Assam 

214 

60-38 

42-71 

2-77 

9. Kaiowa, Burma 

9-82 

46-19 

42-68 

2-41(7) 

8. Palana, Rajputana . 

12-.'35 

46-67 

36-38 

4-40(r7) 

r Dandot, Punjab . 

7. < Mach, Baluoliistaii 

013 

36-81 

47-17 

9-89 

10-71 

41-43 

46-68 

2- 18(A) 

I^Khost, Baluchistan . 

2-29 

41-61 

46-62 

9-68 

^ \ Kalakot, Jammu 
* ( Kalakot, Jammu 

0-43 

12-46 

78-12 

9-0«(t) 

4-14 

16-92 

68-20 j 

11-68 

- S JVaimong, Garo Hills 

1-49 

61-32 

40-98 

6-21(j) 

i Dogring, Garo Hilif* 

4-8G 

33-80 

56-13 

6-71(1:) 

4, S. Shan States, Buima . 

1-22 

29-88 

62-61 

6-39(1) 

.. { Raiilganj, Ghusick 

7-55 

34-80 

62-60 

12-0O(w) 

' ’ ( Hanigarij, Di^horgarh , 

2-67 

33-26 

64-26 

9-80(m) 

fJharia, No. XIII 

1-80 

28-80 

69-30 

ll-90(m) 

> J Jbaria, No. XIV . 

1-27 

22-86 

64-70 

12-46(rt») 

No. XII 

0-75 

20-10 

65-30 

14-60(n?) 

(.Jhana, No. V.VI . 

0-G5 

14-10 

66-20 

19-80(w) 

1 Giridih, Karharbari 

0-90 

22-60 

66-00 

1 

10-60 


Remarks --(a) Sp. Gr. PJS, {OyA» taken, ('*) Namdang, (J) Borjan, (e) Wakohing, 
(/) Sp. Gr. (ff) Dank- brown, (//) Picked, (») Near Bar, (j) C)oking, (k) Non-coking, 

( /) Coking, (m ) Moisture free, AHpvr Test House analyses. 
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The statistical data regarding the origin of the annual prodnotion 
of ooal in India ia given in the following Tables : — 

(24) Total Indian coal from Lower Gondwana and Tertiary strata 

during the years 1919 to 1928. 

(25) Detailed production of coal from Lower Gondwana coal- 

fields for the years 1919 to 1928. 

(26) Detailed production of coal from Tertiary coal-fields during 

the years 1919 to 1928. 


Table 24. — Origin of Indian Coal raised during the years 1919 to 

1928, 



From Oonhwana Strata. 

From Tertiary Strata. 

Total 


Tons. 

Per cent, 
ol total. 

Tons. 

Per cent, 
of total. 

production 

lOU) 

22,238,802 

98-28 

389,235 

1-72 

Tons. 

22,628,037 

1020 

17,520,444 

97-58 

435,770 

2-42 

i7,9«2,2U 

1921 

18,844,092 

97-62 

458,855 

2-38 

19,302,947 

J922 

18,520,518 

97-43 

490,473 

2-57 

19,010,986 

1923 

19,217,170 

97-77 

439,707 

2-23 

19,656,883 

Average 

19,269,403 

97-71 

442,808 

2-26 

J9,7I^,.H3 

1924 

20,090,338 

97-75 

477,946 

2-25 

21,174,284 

1925 

20,447,898 

97-82 

456,479 i 

2-18 

20,904,377 

1926 

20,583,202 

98-02 

415,905 

1-98 

20,999,167 

192 V 

21,004,488 

98-11 

417,848 

1-89 

22,082.336 

1928 

22,153,314 

98-27 

389,558 

1-73 

22,542,872 

A verage 

2 1, 1 09, 048 

97-99 

431,559 

t 

21,510,607 


Gondwana (fref^h-ualer) coal deposits. 

The richest workable coal seams in India are of course those of 
the Lower Gondwana period in the coal-fields of the Damuda valley 
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and other areas in the Peninsula. In their type area, the Damuda 
or eoal-bearing series are nearly 7,000 feet thick. In the Jharia 
field, in the lowest stage (Barakar) of this series, there are no less 
than eighteen workable seams, totalling nearly 200 feet of coal. 
In the upper stage (Raniganj), of the Raniganj field there are rough- 
ly six workable seams of a total thickness of, roughly, 60 feet of 
coal. In both stages the seams are inter bedded between shales 
(usually below) and sandstones (frequently above). The sandstones 
are often coarse and conglomeratic, with, in many cases, the pebbles 
resting on the coal. There are numerous instances of current-bed- 
ding and overstepping of the sandstones and shales on to the coal 
scams. The seams are laminated and well-bedded, even when more 
than forty feet thick. When traced in one or other direction the 
coal seams are found to split or <‘ome together. It is not unusual 
to find a coal seam passing laierally into carbonaceous shale. 

These coal-bearing strata are clearly sediments which have been 
deposited in fresh- water, either in vide river valleys or in extensive 
and shallow (?) lakes. Except m the single case at Umaria in South 
Rewah, no marine fossils are found associated with the Lower Gond- 
wanas in the i’eninsuln. There is a remarkable pau(‘ity of animal 
remains of any kind in these coal-measures. On the other hand, 
the strata contain a rich fossil flora of terrestrial plants- stems, 
leaves and seeds. The silicitied trunks of trees and fossil- wood 
are present in some of the sandstones. Tree stems, with the outer 
or cortical portion converted into bright coal, are met with in the 
roofs of some seams. Only in one case have tlie remains of large 
vertebrates been found in strata of the Damuda grouj), but there 
arc several instances of reptilian and amphibian remains being found 
in the strata of the next series, Panchet, above those of the Damuda 
epoch. The evidence as a whole is suggestive of the coal-seams 
being true sediments- of dctrital vegetable matter. It is difficult 
to say definitely if the vegetable material drifted from a distance 
or accumulated in the marshes and swamps around which the plants 
hved and died. 

There is a considerable range in the variety of the coals obtained 
from the numerous seams in the Jharia coal-field. These differ in 
geological age, from Lower Permian, for the basal (numbers I to X) 
>eam8 of the Barakar series, to Upper Permian, for the seams in the 
Raniganj series of tlic same field. When these seams are compared 
with each other and with the seams of the Raniganj series in the 
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Raniganj field, remarkable differences of character are found, which, 
to some extent, may be evident from the analyses given below 


Gondwana Coals,^ 


— 

Moisture. 

Volatile 

matter. 

Fixed 

carbon. 

Ash. 

Jhnria, Barakur aeries. 


Per cent. 

Per cent 

Per cent. 

Per cent. 

Mdtiagara (IL) . . . .Scam 


14*2 

68-0 

17*8 

Narkharki(V) . . . . 


0-(M 

1*1-1 

G()-2 

19*7 

l)h.iiisar(Vin) . . . . 


10 

17-3 

Gl-57 

21*i3 

Dhauajoba (X) . . . . »» 


10 

19-0 

02-4 

13C 

Konwadih (XII) . . • »> 


0-7.> 

20- 1 

G5-3 

14-6 

Khas.lharia(XI[) . . . „ 


115 

21*05 

02-35 

160 

Bhuggutdih (XIV) . . . „ 


1-27 

22-85 

04*7 

12-46 

L(Hlua (XIV) . . . . „ 


IG 

24-0 

01*0 

14*4 

Bhagaband (XVi) . . . »* 


1*3 

24-5 

CO-2 

16-3 

Bhdgaband(XVll) . . . „ 


1-0 

27-2 

59-G 

13-2 

Bhutgooiia (XVl 1) . . . 


2-0 

28-13 

58-85 

13-02 

Nooiiudih (X VI 11) . . • n 


1-80 

28-8 

59-3 

11-9 

Janituloba (X VI II) . . • 


1-70 

28-10 

50-80 

16-10 

Jharidy llanitjanj ^series. 






Miuilidih ..... 


2-2 

29-30 

67-00 


Bhatdih 


1-7 

31-0 

54-5 


Tlimtodih (top) .... 


2-07 

32-2 

52-75 

Wm 

N. Pjpratanr , • . . 

• 

1-97 

320 

53-3 


We s/ Kan iqnrj •^Rn n njn ii j series. 






Nur.samuda .... 


0*1 

33-3 

62-1 

14-0 

J)adka ..... 


5-3 


53-7 

13-7 

Uagnathbati • . . . 


3-9 

31-0 

57-9 

11-1 

Dishergarh .... 


2-57 

33-95 

.54-95 

111 

Ilatiial ..... 


2-15 

31-05 

48-9 

20-05 

Hunctoria ..... 


2*81 

32-0 

59-0 

9-0 

BaM Raniganj-- Raniganj series. 






(t'husirk ..... 


7-55 

31-8 

52*0 

12-0 

Noga ..... 


0-4 

32-1 

53-05 

1 1-25 

jSoai'solo ..... 


7*5 

3M 

52-3 

10-0 

Bowla ..... 


8*3 

33-8 

54-7 

11-5 

J oba ..... 


6*5 

31-5 

55-7 

12-8 

Koithi ..... 


4*7 

33-2 

53-7 

13-1 

Poiiiati ..... 


4-85 

32-83 

55-8 

11-35 

i'oiiiati ..... 


6-0 

30-7 

59-9 

9-4 

Poriiati ..... 


88 

30-0 

69-1 

10*9 

Manila ..... 


11-0 

31-5 

67-1 

11-4 

Taltore ..... 


e-3 

29-6 

65-0 

15-4 


N.B.— All analyses are of sanii>los coUeeted by officers of the Coal Grading 
Board. Aualysfs made at Govemnient Tost House, All^^ur, Calcutta. 

1 Results given aboVe are on a moisture -free basis. All the Jhaiia coals coke. 
ISoams Xll to XVllI give a hard coke. The Kauiganj seams are generally noii-coking 
except Dishergarh and Sanotoria. 
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The above analyses show the variation in the quality of the 
coals in the Jharia and Baniganj coal-fields. These are. the most 
important coal-fields in India. Both have recently been resurveyed 
by the Geological Survey of India and new geological maps on a 
scale of 4 inches to the mile have recently been published. A 
revised memoir on the geology of the Jharia coal-field is now in 
the press, while the memoir on the Raniganj field is being re-written. 
It will be seen, however, from Table (26) that there are at least 
twenty other Gondwana coal-fields in the Indian Peninsula. As the 
memoir on the Coal-fields of India is also being revised and the 
new edition will be published in a year it appears unnecessary to 
discuss these several fields in detail in this quinquennial review of the 
coal industry. The production of coal from each of these fields, 
given in Table (26), will be an indication of the development. It 
must be mentioned, however, that entirely new areas are shortly to 
be opened — two in particular are expected to produce coal within a 
few months. These are (1) the Chixmiri coal-field in Korea State, 
and (2) the Tandur coal-field in the Nizam’s dominions (Hyderabad). 
During the past five years at least three new coal-fields have 
actually been opened and have been producing coal. These are (1) 
the Karanpura coal-field in the Damuda valley of Bihar, (2) the 
Talchir coal-field in the valley of tlie Brahmani in Orissa, and (3) 
the Wun coal-field of Yeotmal in the Wardha valley. In two areas 
the collieries have closed down ; these are (1) the Mohpani and (2) 
Shahpur coal-fields in the Satpura region of the Central Provinces, 
The Gondwana system in the Indian Peninsula comprises the 
following formations ; — 


Lr. Cretaceous 
fUp. Jurassic . 
Jurassic < Mid. Jurassic 
\JLt. Jurassic . 


*rria8 


rRhactic 
J Keeper 


• Umia plant beds. 

. Jabalpur stage. 

. Kota (Chaugan) stage 
. Kajmahal (inter-trappean) plant 
beds. 

. Parsora stage. 

. Maleri stage. 


Upper 

Oondwanas. 


(.Bunter 


, Maitnr stage. Panchet aeries ^ 


Permian 


{ 


Up. Permian . 
Mid. Permian 
Lr. Permian . 


Up. Carboniferous . 


. Raniganj series 
. Barren measures. 

. Barakar series with I Damuda 
Karharbari stage j^groiip 
and Umaria marine 
beds. J 

. Talobir series with glacial boulder 
bed. 


I Lower 
f Oondwanas. 
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Tlie coal measures in all the Gondwana coal-fieldi* are restricted 
to the Barakar series with its basal Karharbari stage. Jn the 
Raniganj and Jharia coal-fields there are valuable seams in the Raiii- 
ganj series, in fact, these constitute the most important coal-roeasures 
in the Raniganj coal-field. It is believed that the coal measures 
of the Darjeeling Himalaya also belong to the Raniganj series. 
The details of the sub-divisions in the Damuda gi'oup of the type 
areas Raniganj and Jharia are shown below : — 


Raniganj coal-field. 

fKumarpur sandatoncs. 
Raniganj I Nituria coal-measureH. 
Benes Hijuli sandstones. 

3,atK) feet I Sitaramymr ooal-measnrcfl. 
I Ktliora sandstones. 
Ironstone f 

shales Iionstono (Kulti) shales. 

1,200 feet I 

I Begunid stones 
Baiakar | Bognni.i .shales, 

series lVguni.i Kiim. 

2,100 feet 1 J.iaikdih seam, etc. 

(,Paniagaria scam. 


Jharia coal-field. 


Lohy/iti sandstones. 
Telmucha coal-measures. 
Jamdiha sandstones. 
Murilidih coal-measures. 
Mahiida sandstones. 

Ilaribarpur carb-shales. 

Pelia sandstoncH. 
Shibbabudih shales. 
Sitanala seam (No. XVJIl). 
XV to XTIT seams, etc. 
Muraidih (1 ) scam. 


Raniganj 
• «cj ies. 
1,840 fett. 


Barren 
measures 
2,080 feet. 


Barakar 
series 
2,000 feet. 


The Barakar 8<*rie8 is at its best as a coal-bearing formation in 
the Jharia coal-field, but coal is generally found in these rocks in 
all tlie Gondwana coal-fields. The Raniganj series arc at their 
maximum development as coal measures in the Raniganj coal-fi('l(l. 
Workable seams of the Raniganj series are not found in the Penin- 
sula west of the Jharia coal-field. No Karharbari stage has l)(‘en 
identified in the Raniganj and Jharia coal-fields, but the opinion 
now held is that the Karharbari stage is a lower division of the 
Barakar series and included in it. Karharbari fossil plants are 
most abundant in the Giridih coal-field, but they have also been 
found in the Karanpura coal-field and in iSouth Rewah and at Moh- 
pani. Elsewhere, as in the PenchValley, Wardha and Godavari 
VeJleys and in the Mahanadi region, the plant fossils occurring with 
the coal-measures are typical Barakar forms. There is always a 
marked litliological change when crossing from the Damuda strata 
to the Talchirs. Tn a few localities rare plant fossils occur in the 
top of the Talchirs, but these are always at a m\ich higher horizon 
than the glacial boulder bod. In fact the evidence indicates that 
the actual period of glaciation had probably passed away from those 
areas into which the Glossopteris flora had penetrated. Thus there 
are reasons for discrediting the belief that the Glossopteris flora 
flourished during an Tee Age under glacial conditions The Barakar 
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epoch, in which the Glossopteris flora appears to have been most 
prolific, was pro]>ably characterised by a damp, temperate climate. 

Speaking in a strict stratigraphical sense, the top of each coal 
seam marks a stratigraphical ‘ break This is particularly true 
of the scams in the Jharia coal-field. Here pebbly sandstones, 
sometimes with the boulders themselves, rest on the coal. These 
covering beds are current-bedded in such a manner that successive 
layers overstep each other on to the coal. Such examples show 
that a marked change took place from the quiet, relatively deeper 
waters, in whi(‘h the maturing vegetable mass lay, to the turmoil 
of a river in flood. A careful scrutiny of such junctions between 
the coal and the roof stone shows that the coaly matter was already 
quite firm before it was covered by later sediments. Complete 
conversion into coal appears to have already been accompUslied 
before the overlying strata were deposited. Some pebbles resting 
on the coal are coated with coal and no such pebbles have either 
sunk into the coal or are deeply embedded in it. In other cases 
pebbles are found with their coal contact surfaces corroded evidently 
by subsequent perciolating alkaline waters, since the pebbles were 
originally amootii and rounded and are of quartzite. Li several 
cases the mine water in Indian coal mines is found to be alkaline 
and not acid, and this in spite of the fact that the coal (jontains 
pyritiferous matter and the water deposits limonite from the solu- 
tion when exposed to air. 

There is no doubt at all that the fresh water and marine coals 
of India were formed under water in regions subject to prolonged 
subsidence. The deposition of the Damuda group involved upwards 
of 6,000 feet of coal-bearing strata, and necessitated subsidence 
throughout the Permian period — of 12 to 15 million years duration. 
One foot of sediment in 2,000 years is a slow rate of uniform deposi- 
tion under fluviatile conditions. The presence of successive beds of 
pebbly sandstones, followed upward by shales and succeeded by 
coal seams, shows that the sedimentation was not uniform, but we 
have no evidence in the Raniganj field, the type area of these deposits, 
that the pauses involved the sediments being exposed to atmos- 
pheric weathering. The data merely points to a slowing down of the 
velocity of the rivers and periods of relative stagnation when the 
plant debris settled down. The plant dehris appears to have 
remained submerged thrpughout. I have stated before that the 
sandstones are markedly cmrent-bedded ; that some coal seams 
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pass laterally into shales ; and that single seams split up into one 
or more seams when traced in a particular direction. Those are 
evidences of fluviatile deposition. 

The above features are not so clearly seen in the case of the marme 
(Tertiary) coal-bearing strata of Assam and Burma on the one hand 
and of the north-west of India on the other. The evidence from 
these Tertiary coal-fielda is that the plant debris, again largely of 
terrestrial flora, was deposited in the stagnant waters of lagoons 
bordering deltas or at the head of a gulf. It is known that those 
regions were undergoing subsidence at the time of the deposition of 
the coal-be.irmg strata. It has been pointed out that the Eocene 
coals of the north-west, and the Salt Range of the Punjab in parti- 
cular, are overlaid and underlaid by carbonaceous, pyritiferous 
shales in a conformable manner. These black shales are rich in the 
fossil remains of foraminifera. Judging by the pyritic character of 
the beds, the plant material must have accumulated in distinc'tly 
acid (sulphurous) water— probably excellent for the preservation of 
plant structures but fatal to animal life. Higher in the succession 
of strata there are massive nummulitic limestones which indicate 
tlie dee])er waters of an open sea. ' 

In the case of the Bikaner lignite, which failed to be converted 
into coal, the stratigraphical record is in general similar to that of 
the Salt Range, but with this very important difference — thert' is a 
well-marked, stratigraphical * break ’ at ,thc top of the lignite horizon. 
The lignite had been subjected to erosion in Eocene times and was 
then directly overlaid by the nummulitic limestone. The laj)se of 
time indicated by the ‘ break ’ is, geologicafly speaking, not large, 
since the strata above are of Upper Eocene age— a duration 
of time equal only to a phase of Middle E(/cene sedimentation. 
Measured in terms of normal time the pause may lepresent the lapse 
of centuries. The absence of coarse sediments suggests that the 
cause of the erosion of the lignite was exposure to atmospheric 
weathering, while the presence of the overlying limestone indicates 
a relatively sudden re-submersion- in the clear waters of the niim- 
mulitic sea. The result of this believed exposure to atmospheric 
conditions appears to have been that the lignitic mass was so affected 
(oxidised) that the processes of coal formation ceased. In spite of 
the subsequent return to submerged conditions the processes were 
arrested, and we find lignite to-day in Bikaner among strata which 
in adjoining regions contain coal. 
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Table 25 . — Ovtput of Gondwana coalfield^ for the years 1919 to 1928 — contd. 

1924 1 1925 1926 1927 1928 
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Fia. 8 . — Production of coal in ike liayuganj and Jhnria fields, J90S’J9'IS, 


Tertiary [marim) CoaUseams. 

In Assam tlie coal-measures are of Tertiary (Miocene to Oli- 
gocene) age. The seams are interbedded between shales and sand- 
stones. Unlike the Gondwana strata, which are locally faulted and 
buckled, the Assam coal seams and associated rocks have been some- 
what severely folded. Fossil remains are not common and, when 
found, are usually poorly preserved. When identifiable leaves 
and plant remains are obtained, they are recognised as parts of 
terrestrial vegetation. On the other hand the fauna is usually of 
invertebrate marine forms. It is generally agreed that the coal- 
measure series of Assam were deposited in the shallow waters of a 
sea— probably at the head of a gulf. This is also true of the equi- 
valent strata, the Pegus, of Burma, in certain horizons of which coal 
seams also occur. 


MILLIONS or TONS 
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Perhaps the most intorestinj^ feature of the coal-measure series 
of Assam and the Pegus of Burma is the intimate associniion of 
petroleum with the coal. In Assam t lie intimate connection ol the 
coal and petroleum occurrences is too ohvions to escape attention. 
Closer observation lias shown that where coal is abundant in these 
coal measures petroleum is scarce and vice versa. Sir Edwin Pascoed 

says: — ‘In Assam in nearly every separate oil area, coal 

seams are found amonj^ the oil sands themselves, but it is especially 

in the horizons higher up that coal in any bulk is found.., 

Not only is there this veitic^al relation sliip, but there w another 
accompanving it of a geographical nature, according to which coal 
seams show a pieference for the margins of the gulf in which tbe 
Tertiary sediments accumulated, while petroleum is usually found 
a little further from the coas<^.’ 

In north-west India, in Baluchistan, the Punjab Salt Range and 
Jammu (Kashmir), workable co.d occurs in the Laki stage (Middle 
to Lower Eocene) of the Tertiary locks. The seams are intercalated 
between pyrltiferous shales and sandstones, with limestone in 
association, rdentifuible pLmt lomains are senree, but the car- 
bonised, woody parts of plants are occasionally met with in the coal. 
The strata above and beloAV, and ^‘•ometimes the shaley coal itself, 
is full of invoitebrate animal remains chiefly foraminifera— all 
marine types. Judging ])V the plant remains in the lignite of Bikaner 
(Palana) in Rajpiitana, which is on exactly the same horizon (Laki 
stage) as the Salt Range and other coals in this region, and which 
were evidontiv accumulated in the same marine region as tlusse 
black and brown Eocene coals, it a]>pears that the vegetable matter 
is the debris of terrestrial plants. 

The Palana lignite is characterised by ’ho huge amount of 
fossil resin contained in it. The (oahs of Baluchistan and the Balt 
Range also contain small amounts of resin. This is also true of the 
Tertiary coals of Assam. The strata in the several areas of the 
north-west have suticred different degrt'cs of tectonic disturbance. 
The lignite beds of Rajpiitana baudy suffered any movement at 
all, the Tertiary rooks of Baluchistan are folded, while the coal- 
bearing beds in Jammu have been involved in the orogcnic move- 
ments which culminated in the uplift of the Himalaya. It is signi- 
ficant in this connection that the vegetable matter in the Tertiary 


1 Mem. Geol Surv. Iml XL, Pt. 2, p. 322 (1914). 
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TOcka of Rajputana havo only beon converted into. lignite while 
the coala of Jainmn (Kalakot) arc distinctly anthracitic. 

Here again in tbcae marine Roccnc (Tertiary) strata containing 
coal tliere is an association of petroleiiin. 1'ho Laki stage is in 
particular looked upon as the jjelroleum horizon, whicli thus corres- 
ponds witli the coal horizon. The two substances again show the 
curious features that were noticed l)y Sir Edwin Paseoo^ in Assam 
and Burma. Tliis anlhority on oil questions, while discussing the 
origin of petroleum generally, wiote:-‘We are led to conclude 
that, in places Avliere sucli an association can be recognised, they 
(coal and petroleum) were probably derived from not dissimilar 
sources, under different but comj)aral)lc (londitions. Where condi- 
tions were (uninently favourable for the formation of coal, they 
a])parently were not so f(u petroleum, since beds bearing tliiek seams 
of coal arc a])t to contain little or no petroleum ; tm the other hand, 
wliere conditions did not permit of more tlian thin layers and local 
patches of lignite or coal being formed, larger qiijiintitics of oil arc 
liable to be found one is tempted to say instead of coal ’h’ 

The following analyses of npper Assam coals of Tertiary age will 
give a tolera))ly clear idea of their (duiracter. 

Tlie nu'an of two assays of Makurn coal made in 1922 in the 
laboratory of the Geological Surv(*y of India was as follows : — 


Fixed carbon 63-2 per cent. 

Volatile matter 44-0 „ „ 

Moisture 1>2 „ „ 

Ash •• ••••■• 1*6 ft 


Makurn coal is largely used by thcj railways in Assam, by the 
river steamers navigating the Brahmaputra river and by a large 
number of tea gardens in the province. Considerable quantities 
arc also often exported to Bengal. 

The average composition given by Ihree samples from the Uj)per 
Jj^do colliery representing an aggregate thickness of 49 feet, and by 

‘ Mem, GeoL Svri, Ind., XI., Ft. T, p. 237 (1912). 
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five samples from the Tikak colliery representing an aggregate 
thickness of 47 feet, is shown below : - 


Upi>cr Ledo. Tikak. 
For rent. Per cnn4. 


K iKod Carbon 

. 

. 55-59 

58-99 

Volatile hydrocarbons . 


4015 

37-25 

Moisture . . . , 

. 

1-80 

2-09 

Ash .... 

. 

. 2-40 

fl-67 


Total 

. 100-00 

100-00 


Assays of Cord from the Jaipur and Nazira coal-fields. 


— 


Fixed 

carbon. 

1 Volatile 

1 matter. 

Moistino, 

Ash. 

Jaipur field— 


Per font. 

1 

j Per cent. 

Per emit. 

Per cent. 

Highest 

• 

53-71 

1 45-10 

10-31 

18-18 

Lowest 

. 


35*49 

3-95 

MO 

Average of 25 assays . 

• 

48-78 

1 

39-80 

I 6-12 

j 

4-82 

Nazira field — 


1 

1 

1 


1 


Highest 

• 

54-61 

42 '{ K ) 

1 7-23 

14-15 

Lowest 

. 

45-49 ' 

( 

34-30 

3-89 

2-22 

Average of 12 assays . 

• 

60-04 1 

38-11 

1 

5-49 



Coal of excellent quality also occurs in the Namchik valley, a 
tributary on the left baiik of the Dihing river, three days’ journey 
above Margherita. The locality, which although only 18 miles in a 
striiight line from Ledo, is difficult of access, was examiiied by Sir 
Edwin Pascoe in 1911. Five groups of seams were noticed, with 
a total thickness of about 60 feet of coal. 

p 2 





















Table 26 . — Production of Tertiary coal during the years 1919 to J92S— -contd. 
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1928 

Per cent* 
of Indian 
toioL 

CO ^ 

.... . 

A>. 

»*s 

Tons. 

588 

238,926 

58,575 

2,542 

15,389 

24,674 

18,161 

3,317 

27,386 

OO 

to 

•o 

OS 

OO 

ro 

1927 

Per cent, 
of Indian 
total. 

«o »>. oo CO 

III! r 

f ^ ^ 

03 

Cp 

Tons. 

*0 O I'* o »0 00 >-• oO 

c >4 03 CO «— • oo I'- lo 

Cl 0 <NO 4 

1 — ic^ riii I O 3 *ot^ 

»0 I-H CO ^ 

<N 

QO 

♦ 

ao^ 

1926 

Per cent, 
of Indian 
total. 

^ ^ lO 

^ I ! ! r ! 'i 

^ .JK 

1 

Tons. 

555 

255,189 

45,317 

3,545 

12,041 

46,961 

15,644 

5 , 43 & 

31,275 

1 

1925 

Per cent, 
of Indian 
total. 

^ >>. <=3 ^ PO 

•O V ^ 

C 5 > ! ! I * 

0^3 

Tons. 

845 

262,959 

55,038 

17,085 

17,712 

25 

49,369 

18,341 

6,952 

28,153 

Os 

l> 

SO 

to 

<N 

03 

Per cent, 
of Indian 
total. 

^ 03 ^ Cs 

»o ^ 

I r * 'i> 


Tons. 

280 

274,479 

60,083 

25,678 

14,879 

255 

52,942 

18,787 

8,693 

21,870 

o 

Os 

fT 

1 

Asiam — 

Khasi and Jaintia bills . 
Maknm . . 

Naga hiUs . 

Sibsagar . , 

Baltichisiartr^ 

Khost . 

Sor Range, Kalat, Vlaeh. 
Burma — 

Kamapying (Mergui) 
Soothern Shan States . 
Kale (Upper Chindwin) . 
Namma (Korthem Shan 
States). 

North-West Frontier Pro- 
vince — 

Hazara 

Punjab — 

Jhelam (Dandot) . 
Mianwali 

Shahpur 

Rajputana — 

Bikaner 

TOTAL (Tertiary Beds) . 
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Furtlier ])roxiinute analypoB of these Tertiary ooals are given 
below ; — 


Tertiary Coals, 


— 

Metsturo. 

Volatile 

matter. 

Fixed 

carbon. 

Ash. 

Assam (Miocene). 

Per cent. 

Por cent. 

Per cent. 

Per cent. 

Boijan (resinous) . 

:h6 

55*78 

39-3 

1-32 0. 

Borjan (hrights) . 

4-35 

48-00 

46-7 

1-96 C. 

Wakrhirig .... 

8-15 

38-48 

52-98 

0-39 

Narndang .... 

204 

42-27 

.54-48 

1-21 C. 

itajpntann (Lr. Eoeenc) 





Palana ivsin 

0-6.5 

0909 

0-0<i 

0-2 

Light lignite 

5-13 

71-45 

11-57 

11-85 C. 

Dark liguiU' 

12-.55 

46-67 

.36-38 

4*40 

Wet lignite .... 

45-6 

26-13 

24-92 

4-36 

Dry lignite .... 

8-5 

41-8 

40H 

9-5 

Baluchistan (Lr. Kocene) 





Mach .... 

10-71 

41 -43 

46-68 

2-18 C. 

Maoh 

10-9 

33-1 

41-0 

15-0 

Digari ..... 

' 7-7 

43-3 

44-7 

4-3 

Khost ..... 

2-20 

1 41-51 

46-52 

9-68 C. 

Sharig .... 

6-8 

40-8 

47-6 

4-8 

Salt Range, Punjab 





(Lr. Kocene). 

1 


1 


Dandot • 

5-87 

43-05 

1 

38-04 1 

12-44 C. 

Dandut . . . . i 

6-J3 

36*81 

47-17 

9*89 

Baroclii .... 

10*87 

38*71 

42’81 

6*04 

Makerwal .... 

2-40 

43*54 

41-38 

1268 C. 

Jammu, Kashmir 





(Lr. Eoconc). 





Kalakot — 7-foot seam, lower 

1 0*63 

12*46 

78-12 

9*0 C. 

measures. 

1 




Kalakot — 16-foot seam, up|>er 

4*62 

14*54 

69-44 

11-4 

measuTva. 

1 




Sair— upjH'r seam, upiHjr 

1 8-43 

20-93 

60-10 

10*48 

measures. 


1 



Sair — upper seam, upper 

8-04 j 

1 26-00 

60-64 

6-42 

measure's. 

1 

1 


1 

1 



G Strongly coking ooals. 

N,B. — AU the above analyses ate of picked specimens and not samples. These analyses 
have been compiled from various sourocs. Many were made in the Qeol. Surv. Lab.» 
Oaloutta, by MahadeO Ram. 




LXIV.] 


Mineral Productimi of India, 1924-28. 


G8 


Less important from an economical point of view, but of consi- 
derable interest otherwise, are the seams of coal and lenticles of coaly 
matter in rocks other than those already mentioned. Workidjle 
coal-seams occur in other marine strata in Assam. The beds m 
the Garo hills, from fossil evidencf', are of Cretaceous age. There 
are Eocene coals at Cherrapiinji. Plant remains and thin lenticles 
of coal also occmr in the marine Lower Cretaceous (Umia) beds 
in Kachh (Cutch). The Upper Gondwana (Lameta) coal in the 
Nerbada valley, near Jabalpur, occurs in fresh water de])Osits of 
Lower (hetaceous age. It is ])robablo that (;ertdin other, thin, 
Upper Goinlwana coals, in the same general region (Satpura liigh- 
lands), may be older -probably of Jurassic (Oolitic) ago. True 
Jurassic coals and <*arbonaceous beds with plant remains o(5ciu 
in the Southern Shan Statues (Ihirma) and ihe Punjab Salt liange. 
These oc('urreuces lill in th(‘ gaps between the Tertiary coals and 
the IVrmian (Gondwana) coals of India. Definitely Jjower l*alinozoic 
coal, in rare ]enti(jles, has been found in the black shales of the Vindh- 
yan system in the Son valley near Khoiasgarh. These Bij.iigarh 
shales have been correl.it ed with the Suket shahjs of Kajputaud 
in which, near Nocmuch, fossils with Lower (Jambriau faimistic 
affinities, were found several years ago by Mr. H. C. Jones. 
It is thought that the Viudhyaii strata were (hiposited in the sea 
and it has been suggested that the Neemuch fossils may possibly 
be plant remains. Carbonaceous shales, which have repeatedly 
been mistaken for coal, also occur, in a lower horizon, in tin* Semri 
series below the true Vindhyuu strata, but no actual coal has been 
found in these pre-Cambrian unfossiliferous rocks. 


Ill Industrial Considerations. 

The statistics of the export trade (beginning seriously from 

1900) up to 1911 averaged less than a million tons. The Jiigliest 
pre-War figure was a little over a inillion 

Export trade. 190G. During the War these ex- 

ports fell, due to shortage of shipping. In 1918 the exports were 
less than 75,000 tons, but rose rapidly to over 1,200,000 tons m 
1920, when export restrictions were imposed to relieve the strain 
on the railways. A rationing scheme was drawn u]) and, at the 

time, had the entire approval of the commercial comuiiiiiity 
Later, however, the working of the scheme gave rise to doubts and 
the difficulties of the situation were enhanced by poor raising in 
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the coal-fields — 4*5 million tons less in 1920 than the output of 1919. 
In April, 1922 all restrictions were removed on the oxpo;rt of cargo 
or bunker coal by sea to customs ports in India. The embargo 
was entirely removed from January 1st, 192r>. 

The effect of the embargo was the temporary disappearance of 
Indian coal from overseas markets, and the present qninqucmiial 

period, 1924-28, opened with x^f^^^'tically no cxpoit trade to Penang, 
Singapore, Colombo, Sabang and Aden. It must be mentioned 
that none of these ^lorts nujport any large quantities of coal for 
industrial jnirposc's ; also, in most of these markets Indian coal had not 
earned a rcx)utati()n for good quality- due to (virelessncss in grading. 
Japanese coal and coal from Sumatra and South Africa, alth ugh 
known to be of no better quality than good Indian coal, were in 
considerable demand. Under these circumstances an Indian (bal 

Committee was set uj). 

This committee was apx)oint('d by the (lovernor General in 

Council, under the Department of Commerce, Resolution No. 47-T. 

(5) dated the 20th September, 1924, and tlie> 
tnmee**192S^^** issued their re])ort on the 28th March, 1926. 

The (ommittee were to eiKpiire and report 

‘(1) generally what measures can be taken by Goverjiment, by 
the coal trade, by the railways and by the ])orts, whether 
singly 01 in combination, to stimulate the (^xport of suitable 
coal from Calcutta to Indian and foreu;u ])orts ; and 
(2) in X)articular, whether effective measures can be taken lor pooling 
and grading of Indian coal for export and for bunkering, and 
how the cost of such measures should be met.’ 

The Indian Coal Committee (1925) made a full investigation 
into the whole subject of the ex^iort trade and after discussing (1) 
the comj)arative merits and jirices of Indian and other coals ; (2) the 
possibility of economics in the coal-fields ; (3) the transport of coal 
by rail ; (4) railway freights, terminals and rebates ; (5) assi>tance 
by and co-operation between collieries and railways ; (6) the work- 
ing of the Calcutta docks and coal depots ; (7) steamer freights ; 
(8) the establishment of a grading board, and (9) the impractica- 
bility of pooling in India, they concluded as follows ‘ The rail- 
ways and Port Commissioners can render most valuable assis- 
tance by reducing their charges, by speeding up transport and 
by facilitating the loading of coal in proper condition, but the 
main effort must come from the “coal trade itself’^ * 
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One of the important recommendations of the Indian Coal Com- 
mittee (1925) was that a grading })oard should be appointed, whose 

(iradin Board W'ould be to grade the various seams 

and arrange for the issue of certificates for 

each consignment of coal exported. The general outline was given 
for classifying all Indian coals, and it was suggested that a grading 
list should bo published by the grading board as soon as possible 
classifying the different collieries and scams on this system. Only 

those collieries includorl in the grading list would be eligible for 

the special concessions from the Railways and from the Calcutta 
Port Commissioners, and only certified coal from those collieries 
would be given the above concessions. Act No. XXXI of 1925 
was passed by the Indian liegislatiire and received the assent 
of the (lovernor General on the 21rd Reptember, 1925. 

For the information of overseas buyers, the following particulars 
regarding the Indian coal-fields and the procedure adopted in granting 
‘ grade ’ and ' shipment ’ certificates will hn of interest The only 
coal-fields at prCvsent of iin])ortance to overseas buyers are those 
usually designated as the ‘Bengal or Damuda Valley Coal-fields,’ 
which include the collieries in Bengal and Bihar and Orissa. The 
whole of the coal raised in Bengal comes from the Raniganj coal- 
field, 130 miles west-norlh-w^est of Calcutta. The Jharia coal- 
field, another 30 miles in tlio same direction, lies wholly in Bihar and 
supplies 75 per cent, of the coal from the province of Bihar and Orissa. 
The above two coal-fields produce 75 per cent, of the total Indian 
output of coal and all the coal exported at j)rescnt comes from 
these two fields. The most imxiortant seams in the Raniganj 
field are the Dishargarh, Poniati, Sanctoria, also thetlhusick, Koithi, 
Chanch, Salanpur A, Ramla, Kajora and Jambj.d. In the Jharia field 
the best known seams of good cjuality are Nos. XllJ, XIV, XIV-A., 
XV, XVII and XVill. Reams X, XI, XTl also contain good coal. 

The grades fixed by the Board are as follow^s : — 


Loil Volatile. 


liUjk Volatile. 


Sehrted grade . — Up to 13 asH uiid ovcr Up to U% ash ; over G,80() calories 


7,000 eajorics or 12,000 H.T.U’b. 

Oriule No. J.—Up to 16 %{vshand ovei 
0,500 ealoiios or J 1,700 B. T. U’s. 


12,210 B. T. U's and undci moisture. 
Up to l3'^o ash; over 0,300 caloiioa or 
ll,34n B. T. U's and iindei 97^ moi&tuie. 


Grade No. 2. — Up to 18 % ash and over U]> to 16% ash , over 6,000 calorics or 


6,000 caloiics or 10,800 B. T. U’s. 
Q\ade No. 3.— All coals inferior to above. 


10,800 B. T. U’s and under lO^y mois- 
ture. 


The office of the Coal Grading Board is in the Secretariat Buildings, 
1, Council House Street, Calcutta. 
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Table 21.— The approximate quantity of coal despatc)^ to various 

port'> during 1928. . • 









No. of 
( ’onsjgn- 

(Quantity 

Tons. 








moutK. 

Akyab 







4 

9.S05 

Akyab and Rangoon 







1 

4,610 

Bhavnagoro . 






. 

S 

25,004 

Bombay 






• 

47 

288,401 

Bombay and rolorabo . 







1 

.5,750 

(’annanorft and Maiiiingiio 







1 

4,001 

(’hittagong . 







5 

20,451 

Colombo 







55 

:102,940 

(’olombo ami Tuli<oiin . 







1 

5,012 

Cuddaloio 







7 

5:i,s.")0 

(Juddaloio .ind Mmlias . 







2 

14,7:17 

Fnoke. 







4 

.‘10,200 

Hongkong . 







L>0 

120,871 

Ifongkont/ and Waliainjia 







J 

7,000 

Karachi 







2b 

i 2 :i,ooi 

Madras 







40 

27:1,700 

Mamlapam . 






. 

1 5 

15,311 

Manila 







11 

72,121) 

Maiin.igao . 







7 

4S,054 

Maiiritiiis 







1 

GOO 

Moulmein 







2 

1,234 

Penang 







5 

14,949 

Penang and Poit Sweeten ham 






1 1 

5,074 

J’eiiang and Singapoie . 







2 

7,404 

Poi bunder . 







1 

:i,ooo 

Poi t Blau 







6 

2,280 

PoitOUia . 







2 

5,909 

Rangoon 







120 

042,:i88 

Singapoic 

Tutu 01 in 







' 5 

.39,507 







1 

37,177 

United Kingdom . 







4 

150 

Verawal 







1 5 

29,201 

Yokohama . 







1 1 

33 





Total 

. 

1 405 

2,306,788 


In the previous year (1927) there were 490 shipments, with a 
total of 2,381,720 tons, the record export figure for Indian coal. 
In that year Rangoon took 780,211 tons, Bombay 329,294 tons, 
Colombo 321,694 tons, Madras, 287,469 tons, Karachi 198,463 tons, 
Singapore 80,241 tons, Manila 57,701 tons, etc. The above table (27) 
and the figures just cpioted show that most of the exports are coast- 
wise to Indian ports. The penetration of Indian coal to Hongkong 
is a very pleasing testimony to the value of the grading board. 

In the ^ Publication of the Indian Coal Grading Board, 1928 
containing a list of Graded Coals, Copies of the Act and rules, etc., 
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(J929)’ the following note deserves attention: ‘Chemists have 
no imifonn system of making aniilys4*s, and as discrepancy between 
calorific value air dricid and oven (Jried is very high in “ high mois- 
ture ’’ coals, the Grading Board publivsh the following Note on the 
method adopted at the Government Test House, Calcutta, in the 
hope th-it its publication will lessen the liability to dLsputes bet- 
ween Ihe Buyer and ihe Seller : — 

‘ About 5 grams of the powdered sample an' dried separately 
in an Air Oven at 105^ to 110‘C to constant weight. About 1 gram 
of the oven dried material is jnit in tlu' 8cn*w' press and compressed 
into a pellet. This pellet is then weighed and the calorific value is 
d(itermined immediately afterwards by tests in a Alahler-Cook Borol) 
Caloriiiieter.’ 

Althoiigli tlui pnvsent ]irodnction of soft (oke in India docs not 
exceed 700,000 tons annually and i> almo'>t entirc'ly used in the 
larger lowns of Bengal and Biliar, there are 
attractive features in this trade. The pro- 
duction of soft coke during the years 1921 is shown in Table 28, 

Soft coke manufacture has been <lescril)ed in ‘ Capital ’ (Jtily. 5th 
and 12 ill, 1928). It is thcie shown that only the relatively inferior 
grades of coal are used for this purpose and that probably JOO tons 
of raw C‘oal piodiice 50 tons of soft coke. When it is realized that 
the })opulation of India is of Ihe order of 300 millions and that barely 
2 million tons of coal (raw coal ami soft coke) are used as domestic 
fuel it is apparent that there are possibilities of great expansion 
in the Imusiihold coal trade. With a view to assist this branch 
of the coal industry, the following Act of the Indian L(‘gislatuie 
received the assent of the Governor General on the 1st October, 
1929 

Act No. VI 1 1 of 1929.— AcL /o pioviJe for thvhrjf of a cess on 
soft cole despatched hy rail from collieiies in ihe provinces of Bengal 
ami Bihar and Orissa. 

1. (1) This Act may be called the Indian Soft Coke Cess Act, 

1929 

2. (c) “ Soft-coke ” means all coke whicli is unsuitable for 

metallurgical purposes. 

3. (1) There shall be levied and collected on all soft cuke 

despatched by rail from cidlieries in the ])rovinces of 
Bengal and Bihar and Orissa a cess at the rate of two 
annas per ton. 
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5, The proceeds of the cess and any other monies received by 
the Committee shall be applied to meeting the expenses of the 
Committee and the cost of such measures as it may consider ad- 
visable to take for promoting the sale and improving the methods 
of manufacture of soft coke. 


Table 2S,— Production of soft coke, in tons {of 2,240 lb,) during the 

years 1921--1928, 



These figures do not include metallurgical coke made at the various iron works. 
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Coking coal. 

Quality, 

I. Highest grade 
metallurgioal ooke. 

II. Good metallurgioal 
ooko. 

Ditto 

Ditto 

III. Fail metallurgioal 
ooke. 

Ditto 

Ditto 

IV. Good ooking coal, 
but not of metal, 
lurgioal quality. 


The most important reserves of coking coal 
are shown in the following table : — 


Field and soams. 

Amount 
in mil- 
lions of 
tons 

(approx.) 

Remarks. 

Qiridih. 



Lower Karharbari . 

9 

Specially low in phosphorus 
and ash. Suitable for 

making iron of Bessemer 
quality or feiro of stand' 
ard grade. 

Totai* . 

0 

Jharia. 



13, 14A. 14, 16 and 

732 

Good quality coal. Total 

17. 


estimated 1,100 million 
tons. Allowance 33 

Best coke from coal slack. 

Qiridih. 



l-iowor Karharbari . 

30 

Excellent coke physically ; 
sometimes rather high in 
ash, particularly if made 
from coal slack. 

JRaniganj 



Viotoria-Laikdih and 

60 

This coke has been utilised 

Ramnagar. 


in the Kulti furnaces. All 
allowances made ; 26 mil- 
lion tons each. 

Total . 

812 


Jharia. 



10, 11, 12, 10 and 18. 

800 

Some of this coal is as good 
as Class II. Total esti- 
mated 1,200 million tons 
Allowanco 33^%. 

Raniganj. 


Dishergarh 

48 

Best used by carefully mix- 

Sanotoria 

36 

ing with 17 seam or 

Begimia 

26 

others by experiments. 
All allowances made. 

Bokaro. 



Kargali 

305 

Some of this is known to bo 
of good quality Class II 
coal, but there is a little 
uncertainty about the ash 
in the remainder. All al- 
lowances made. 

Total . 

1,274 


Assam fields. 

600' 

Very high in sulphur. If 
this impurity can be re- 
moved, this coal could be 
inoluded in C&asB 1 or 
Gass IL 

Totai. . 

600 
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It is, of course, known to be the custom in iron works to make 
coke from a hleiid of at least three and sometimes six or 
seven coals. 'J’lie In<iian Iron and Steel Oo. use coking coals from 
the following Jharia seams : — 

No. of seam. Colherv. 

13, 14 and 15 ...... . Gaslit m 

12, 13, 14 and 15 Union. 

f iSondra. 

12. 13. 14 and 16 Kjharia. 

t Bhulanbararoe. 

11 • . . . . . . . . National. 

11 and 12 ....... . Khas Angarpailira. 

The analysis of the coals (when mixed together) is : — 

Per cent. 

Moisturo .......... 1‘98 

Volatile matter ......... 25-74 

Fixed carbon ......... 62-20 

A«h 11-68 

.Sulphur 0-60 

Phosph'vus .......... 0-10 

while a complete analysis of the coke produced is : — 

Per cent 

M.iistore .......... 2-58 

Volatile matter 1*32 

Fixed carbon ......... 78-46 

Aflh 19-37 

Details of ash — 

9-40 

Alumina 5-69 

Ferric oxide 2*44 

Lime 0*89 

Magnesia . < *12 

Phosphoric oxide. ....... 041 

Sulphur 0*62 

19-37 

During the past five years attention has been directed to the 
subject of the coal reserves of India. Although no computaiion 
Coal rescr\es. of the total reserves has been jiublishcd in 
recent years, it is knoA\n that this country possesses great resources 
of coal. It is true that much of this coal is rather high in ash and 
that some, particularly the Tertiary coals, have a high sulphur 
content. Although for some purposes these factors are unattrac- 
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tive they do not render the coals entirely unfit for use. As a result 
of enquiries following the investigations of the Indian Tariff Board 
in regard to the Indian steel industry it was found tliat the greater 
part of the reserves of coal suitable for the manufacture of metal- 
lurgical coke was confined to the Jharia coal-field. 


Reserves of coal of all kinds in India (in million 2,240 11). tom). 


Coal-fields. 

Total 
all kinds 
of coal. 

Total coaU of coking 
quality.* 

All ooals othor 
than coking 
coals.* 

Ciriflih .... 

fiO 

to 

20 

Ranigaiij .... 

22,000 

408 

21,592 

•Tharia .... 

a), now 

2,300 

18,200 

Bukaro JIamgaih . 

1.000 

fiOO 

400 




(at leu 3 1) 

Karaiipiua B. . . . 

75 \ 





Nob fully tested 

8.976 

Karanpura N. . . . 

8,'JOO J 



Aurunga .... 

20 

— 

20 

Hutar 

9 

Said to be some 

9 

Daltonganj .... 

9 

— 

9 

Korea, Bowa 

200 

.... 

200 

Sirguja Korba, Sambalpur 

200 

Some in Korba small 




quantity. 


Talohir .... 

44 

— 

44 

VVardha and Godavari Valleys 

400 

.... 

400 




150 

Batpura Region 

150 

Sumo, very small 




amount. 


Assam .... 

«K> 

600 

There aro some. 

Rajmahal area 

200 

Not properly tested 

200 

Other fields .... 

IOC 


100 

Total . 

54.467 

3,94vS 

50,510 

Allowing ^ for losses 

36,311 

2,632 

33.679 


* Goal which might be nui table for the manufaotuio of metalltirgical ooko. 
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In two valuable papers, (1) * The Coal Resources of the Jharia 

Coal-field ’ and (2) ‘ Coal lost by Fires and Collapses in Indian 

, ^ ^ Coal Mines ’ (Rec. Oeol. Sijrv, Ind„ LXII 

Losses and remedy. , I 

Pt. 3, 1929), Mr. Norman Barraclough, Inspector 

of Mines, has disclosed a very serious state of affairs in the working of 

the coal mines of the Damuda valley. He says in his final paragraph 

(p. 388, supra ) : ‘ If proper precautions had been taken the loss 

of coal by fires and collapses in the Raniganj and Jharia coal-fields 

would probably not have been more than one-tenth of what it has 

actually been.’ In connection with such a statement it must be 

recorded that almost all competent colliery managers and mining 

engineers are of the opinion that the only remedy against the present 

losses (one ton lost for every ton mined) is that of some system of 

stowing the voids or ‘ goaves ’ in collieries with sand. With the price 

of coal as low as it is the cost of sand-packing or hydraulic stowing 

militates against its adoption. The whole subject of coal economy 

was threshed out by the (ommittee appointed in 1920 to consider 

a special report by Mr. Treharnc Rees. It has been found that 

in gi\ing practical effect to their recommendations the difficulties 

encountered would be almost insurmountable ; no satisfactory 

measures have yet been devised. The principal recommendations of 

the majority report of the Coal Committee are as follows : — 

(1) ‘ That no improvement in the present wasteful methods 

can be expected without State interference, that such 
interference should take the form of a Controlling Au- 
thority with legal powers designed to ensure conserva- 
tion and economic extraction, and that such authority 
should consist of a new Government Department and a 
Board sitting in Calcutta.’ 

(2) ‘ That a steady and sufficient supply of wagons, with the 

requisite facilities for moving them is the most urgent 
need of the industry. ’ 

(3) ‘ That sand-stowing should be made compulsory within certain 

limits and with luovisions for compensation, and that 
funds for the purpose should be raised by a cess and a 
duty of eight annas a ton on all coke and coal ; that the 
cess should be imposed as soon as possible, be col- 
lected by the railway companies on despatches, and be 
administered by the controlling authority ; that a 
Government officer be deputed to ascertain the amount 
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of sand available and that one or more railway officers 
be placed on special duty to enquire into the question 
of transport and distribution of sand.' 

(4) ‘ That the Land Acquisition Act be amended to provide 

facilities for the acquisition of : — 

(a) surface rights for colliery purposes, 

(b) sand and other materials suitable for stowing, and 

(c) land required for the conveyance of sand.’ 

(5) ‘ That labour recruitment, electrical development, briquetting 

and coal" washing should be left to private enterprise.’ 

(0) ‘ That the time is not ripe for compulsory weighment, statu ► 
tory shifts, and restrictions on methods of coking.’ 

Tn the accompanying Tables, 29, .‘^9, ,‘U and ‘^2, arc shown : (29) 
the number of persons employed in the Indian Coal-mining Industry 
during the f>eriod 1919 to 1928; (20) the com- 
parison of death rate from accidents at coal 
mines in British India with those in Indian States during the years 
1919 to 1928; (21) the production of coal compared with deaths 
from foal-mining accidents in India during the years 1919 to 1928 ; 
and (22), for comparison, the death rate from coal-mining acci- 
dents in Great Britain. 

Although the efficiency of the Indian coal miner is relatively 
low compared with that of the collier in most countries, yet the cost 
of getting the coal is also low. The question of increasing the 
efficiency by the iutroduction of machine mining has received 
careful consideration from most of the larger colliery comjianies, 
and there seems to be little doubt that with increased demands 
for coal sucli modern methods of coal cutting will be employed to 
a greater extent than is now possible. 



t9f0 U 12 13 14 t5 16 17 18 19 1920 21 22 23 24 2S 26 27 28 

Fig. 9. Produofcioii of coal in thousands of tons per life lost by coal mining accidents. 

The protection of mines from the dangers of coal-dust has been 
carefully investigated by a special committee appointed by the 
Coal-dust Government of India 1923 (Department of 

Industries and Labour, Resolution No. M-498, 



Table 29.— Number of persons employed in the Indian Coal-Mining Industry during the years 1919 to 
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TOTAL . 203.758 190.342 2 6.879 200,913 200,878 1 lOO'OO 1 204.3 X j 189,262 185.749 180.532 179.88: I 7, W7 lOw( 
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Table 30. — Comparison of death-rate from accidents at coal mines in 
British India toith those in Indian States during 1919 to 1928. 


Ykar. 

Avrragm numbkb 

Of FEBSOKS 
KMPLOYBD DAILY. 

DEATirS FROM 
Accidents. 

DCATliaiATE PER 
1,000 PERSONS 
EMPLOYED. 

BritlBh 

India. 

Indian 

/States. 

British 

India. 

Indian 

States. 

British 

India. 

Indian 

States, 

I9jn 

190,377 

13,375 

260 

27 

1-37 

2-02 

1920 

176,104 

14,178 

172 

17 

0-98 

118 

1921 

191,283 

14,596 

257 

20 

1-34 

1‘00 

1922 

184,817 

16,090 

209 

31 

iia 

211 

1923 

184,459 

16,110 

332 

31 

1'80 

1-80 

Avernge • 

1H5,4W 

li,933 

246 

2S 

iHM 

l’H4 

1924 

187,439 

16,867 

230 

41 

1'23 

2'6l 

1925 

173,637 

15,625 

180 

16 

1-07 

V02 

1920 

170,952 

11,797 

171 

13 

100 

0-88 

1927 

105,640 

14,802 

181 

15 

109 

hot 

1928 

104,500 

15,127 

218 

16 

1-32 

h06 

Average • 

172,446 

15,461 

197 

21 

1-14 

1 31 


q2 




























Table 31 . — Production oj coal compared with deaths from coalmining accidents in India. 



(o) In this year, work at coal mines iR as reduced by protracted disputes and the number of deaths from accidents were corres- 
pondingly affected. 

(h) This figure would perhaps be more correctly estimated as 1 * 08 . 
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dated 24t]i July, 1923). This committee have now submitted their 
second report (1929). They state that — 

(1) ‘ The dust of any coal scam of commercial value in India, 

if in a sufficiently fine state of division and in sufficient 
quantity, is capable of rendering an atmosphere of ordi- 
nary air explosive ’ 

(2) ‘ The dust from a scam having a large percentage of ash 

ajid a low jiercentage of volatile matter is less readily 
ignitable than dust from a seam low in ash and higli in 
volatiles ’ 

(3) ‘ A correctly proportioned, properly placed and ]>io- 

perly tamped charge of any explosive is unlikely to 
ignite coal-dust ’ 

(4) ‘ The removal of all line coal-dust within a (jomparatively 

small radius of a charge of explosive before the shot 
is fired will practically eliminate the risk of an ex[)lo- 
sion.’ 

(5) ‘ It is extremely improbable that an explosion of coal- 

dust will arise from a charge of permitted cx])losive 
which has passed the presciibed testa in Great Britain 
and which is used in compliance with the conditions 
attached to its use.’ 

It will be remembered that the Indian Mines Act, 1923, received 
tli(‘ assent of the Governor General on the 23rd Fc'bruary, l!)2:i, 
and the Government of India took advantage of its (mac'tment 
to revise the reguhxtions relating to the safety of mines and ixusons 
engaged in mining. The new regulations came into lorcx' on the 
1st July, 1924. Since then ‘The Indian Coal Mines R('guIations,’ 
1920, made under Section 29 of the Indian Mines Act, 1923, has 
been published in Notification No. M-1055 (1), dated 7tli Septcmlier, 
1926, of the Government of India, in the Department of Industries 
and Labour, and amended in Notification No. M-1055 (1), dated 
13th May, 1929. ‘Regulations for prohibiting the (’mployment ol 
Women underground in Mines ’ has been published in Notification 
No. M-l()55, dated 7th March, 1929, of the Government of India, 
in the Department of Industries and Labour. 

Precise information relating to mining regulations, etc., has 
recently been published in a valuable handbook by Mr. R. R. Simpson, 
Chief Inspector of Mines in India. This volume — ‘ The Indian 
Mines Manual ’ (1929) gives all the available information on recenj^ 
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legislation in regard to mines, mining leases, land, acquisition, 
Indian Electricity Rules, Indian Explosives Act, Workmen’s Com- 
pensation Act (1923), Indian Boilers Act (1923), the Bengal Mining 
Settlements Act (1923) and the Bihar and Orissa Mining Settle- 
ments Act (1920). 


Copper. 

[E. H. Pascoe.] 

Copper was formerly smelted in considerable quantities in South- 
ern India, in Rajputana, and at various ])lace8 along the outer 
Himalaya in whicli a persistent belt of killas-like rock is known 
to be copper-bearing in numerous places, as in Kulu, Carhwal, 
Nepal, Sikkim and Bhutan. In Chota Nagpur several attempts 
have been made to work lodes reputed to be rich in the metal. 
At Baraganda in the Giridih sub-division of Hazaribagh, a low- 
grade ore-body of about 14 feet in thickness was prospected by 
shafts to a depth of 330 feet, and an unsuccessful attempt was 
made many years ago to work the lode. 

In the Singhbhum district of Bihar and Orissa a copper-bearing 
belt, marked out by old workings, persists for a distance of some 80 
miles, stretching from Duarparam on tlie 
Bamini river m the Kera Estate^ in an easterly 
direction through the Kharsawan and Saraikela states, into Dhal- 
bhum, where the strike of the belt curves round to south-east, 
running through the Rajdoha and Matigara properties formerljr 
belonging to the Cape Coi)per Company, to Bhairagora at the ex- 
treme south-eastern end. 

The copper ores occur as rather indefinite lodes interbodded with 
the Dharwar phyllites and schists. Sometimes the ore is collected 
into fairly well-defined bands, but very frequently it occurs in the 
form of grains so sparsely disseminated through a considerable thick- 
ness of schists as to be unworkable. When concentrated into 
definite lodes, as at Matigara or Mosaboni, the ore may be of high 
grade, and well worth working when it can be proved to exist 
in sufficient quantity to render it worth while to erect the plant 
necessary to handle largo quantities of ore. 

These copper-ores have been the subject of exploitation on 
European lines by various companies during the past fifty years^ 
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always until recently with disastrous results, in some cases due to the 

„ poor character of the deposit attacked, and in 

Rakha Mines, Maligara. ^ ^ x r x i 

others to the unwise expenditure of a limited 

capital on expensive plant before the deposit had been proved. Such 

results caused business and mining men to avoid the Singhbhum copper 

and consequently, in the absence of private enterprise, the Geological 

Survey of India, during the years 1906 to 1908, earned out a series 

of diamond-drilling operations on the belt. This directed attention 

to the problem, and the Cape Copper Company, after a further 

prospecting campaign, took over the Kajdoha Mining Company’s 

riglits at Matigara. The property known as Kakha Hills Mines, 

was actively developed and, had it not been for the difficulty of 

procuring plant during the war, smelting furnaces would have been 

in operation before 1918. 

At the end of August in 1918 the (Company’s ore reserves 
amounted to 407,000 short tons of an average assay value of 
p(‘r c(‘nt. copper. An electric povrer house, a concentration plant 
and a blast furnace with sintering and conveitiiig plants had l)een 
erected, and a refinery was completed during the (juinquennium 
1919-23. The total production of copper-ore and metal from Ihe 
Kaklni mine during that five-year ])eriod amounted to 130,797 
and 3,549‘76 tons, respectively, valued at Rs. 18,08,141 and 
Rs. 41.58,154. In March, 1923 mining operations were stopjanl and 
the company’s property was placed in the hands of receivers. 

As seen at the outcrops the Singhbhum lodes seem to be veiy 
poor where they have not been removed by the ancients. Ty])ically 
they consist of a small thickness of vein quartz, associated with 
malachite, chrysocolla, and red oxides of iron containing a small 
quantity of copper, possibly as red oxide, ^mIIi sometimc'S small 
encrustations of liebethenite. In depth, as seen in the diamond 
drdl coies and the levels of the Matigara mine, the ores consist 
practically entirely of chalcopyiite. The othei minerals noticed 
above are evidently the outcrop alteration products of the yelknv 
sulphide. Judging from small s])ecimens found on the dump-heaps 
of the old workings there must be a zone of chalcocite not very many 
feet below the surface, probably formed by secondary enrichment 
at the expense of the portions of the deposits denuded aw^ay, and 
of those now appearing as gossans of oxide ores. ' The primary 
chalcopyrite ores have probably been deposited m their position 
as rather indefinite lodes following the bedding of the schists, after 



80 


Records of live Geological Survey of India. 


[ VoL 


the arrival of the latter in their present position. The schists with 
which the copper lodes are associated are chiefly varieties of mus- 
covite and chlorite- quaii/“SC his ts, with quartzite laj/ers. Apatite 
and tourmaline aie also common minerals in them. 

The information obtained in the borings put down by the Geolo- 
gical Survey is shown in Table 33. These lesults show that mueh of 
the ore of Singh bhuin is of low gra*le, and just below what is likely 
to be payable except wlien w'orking on very large quantities of ore. 
A thickness of lG-8() feet, averaging 2*65 per cent, of copper, found 
at Laukisra, shewed that the lode was worth further testing by 
jrrivate enterprise. 

The characteristic and persistent band of chalcopyrite with 
quartz blebs inlersected by the Matigara lore-hole at 30b feet, 
where it yielded 12-81 ])er cent, of copper, but was only 3 inches 
thick, and which Avas seen in fhe Matigara mine in the 228-l()ot 
level with a thickness ranging Irom G inches to 2 feet, was followed 
on the dip in the Gladstone Shaft and found to extend below the 
depth jrroved by boring. 


Table 33, --Results of diamond-d riU boring on the Singlihhum copper 

lodes. 


No. 

of 

horo- 

iiolo. 

Locality . 

Total 
de[)1 h 

of hol(\ 

Dcptli of lodo 

01 oupiifeioius 
7ono, 

A< lii.il thickiu’ss of 
lode assayed. 

JVicent- 

.l"0 of 
copper. 

1 

KodomdiliJ 


392' 404' 

8 foci 

510 

2 

J)o. 

1,09:}' 

1,069' . 

1 foot 

1-82 

3 

(Liludih (Uogadili) . 

430' 

131'— 291' 






293' 

13 inches . 

0-61 

4 

Land up (Nad up) 

m' 

197' 198' 

14 inehcs . 

3-33 

u 

Alatigaia 

837' 

693' 697' 

3 feet 2 iixchns 

2-00 




697' 701' 8" . 

3 feet 8 iru hea 

1*29 




733' .r -736' 1" 

2 foot 1 inch 

l-Ol 




736' 1^—730' 5" 

3 inches 

12-81 




736' 5"— 739' . 

2 foot 

0-42 

G 

Laukisra 

392' 

150'- -168' 

16 foot 10 inches 

1 2-()5 




1C9'--171' 

1 foot 10 inches . 

213 




179' -181' 

4 feet 8 inehos 

1-37 


The Cordoba Co 7 )pcr Company, under the management of Messrs, 
John Taylor and Sons, commenced prospecting operations in the 
Mosaboni area, Singhbhum, in June, 1920 and 
Bihar*&* Orissa most promising results. After pierc- 

ing a zone of secondary enrichment in which 
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the predominant ores were malachite and cuprite, an impoverished 
zone made its appearance in which there was practically no ore, 
altliougli th(' lode channel was well defined. Beyond the im- 
poverished zone chalcopyrite began to make its appearance in 
the shape of small lenses of ore. At a vertical depth of 169 feet 
from tlie surface, tunnels driven along the lode proved solid chal- 
coi)yrite, in some places 2 feet wide, over a considerable distance in 
hmgth, giving values of from 10 to 25 per (ient. of copper. Up to 
F(d)ruary, 1924 twelve shafts had been sunk on this lode. Beh^w 
the 169-foot horizon some promising ore ground carrying solid 
chalco])yrite was 0 ])ened up. 

Another company, the North Anantapur Gold Mines, Limited, 
also managed liy Messrs. John Taylor and Sons, commenced an 
investigation of the Sideshur-Kendadih copper area in Singhbhum 
in 1922. Tho area lies between the concessions of the Cape (\)pper 
(Jompany and the Coidoba (Jopper Company. By the end of 1923 
one sliaft had leaclied 258 feet without intersecting the lode. The 
f)r(‘ is a sul])hide. This com];)any also started exploiting cop])er 
in Kliarsawan State, about eight miles N.W. of Amda railway 
station, Tiengal-Nagpur Railway. 

In 1924 the Cordoba Copper Co. was reconstructed as the Indian 
Co]jpe Corporation, Ltd., with a ca])ital of £225,000, and accpiired 
not only the properties of the Cordoba Copper Co., but also thosc^ 
of the North Anantapur Cold Mines, Ltd., lying immediately to 
th(' north, and a propeily in Kharsawan State prospected and 
owned by the Ooregaum Gold Mining Co. of India, Ltd. 

Work wuis concentrated upon tlie Mosaboni area, and by the 
end of April, 1925 nearly 329,000 tons of 4*04 per-cent, ore had 
been developed. Operations were susp(‘nd( d during 1926 j)endiiig 
tlie raising of the capital recpiired for the erection of the necessary 
concentrating, smelting, refinery and j)Owei plant. e JOarly in 1927 
the Anglo-Oriental and General Investment Trust, Ltd., London, 
assumed control, a sum of £350,000 w^as subscribed for the purpose* 
and the erection of the plant was commenced at the company’s 
new^ site at Maubhandar, Ghatsila. The surface and underground 
ore-reserves now' total 755,630 short tons of 3*78 per cent. coj)i)er- 
ore, representing a copper content of 28,584 short tons. Two 
lodes have been dcvelo])ed in the Mosaboni mine, the Main and the 
Western, both of whicli have been op<med up to a depth of 500 
feet on the dip of the lode. There is every indication that the 
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lodes will persist to a further considerable depth. Stoping com- 
menced on a small scale at the end of 1928, and 4,715 ‘short tons 
of ore wore broken. During most of 1928 development was 
confined to the blocking out of known ore-bodies in preparation 
for stoping and the completion of the main shalt lor hoisting from 
certain levels. The old pumps have been replaced by electrically- 
driv(*n centrifugal pumps, and the place of all the old steam-driven 
equi})ment has now been taken by ; — two electrical compressors, each 
of a thousand cubic feet capacity ; one electrical lioist (50 tons 
per hour) ; • one electrically-driven primary crushing plant with a 
capacity of 50 tons per hour ; one belt-conveyer delivering crushed 
ore to the ropeway bins ; and one aerial ropeway, 5^ miles in length, 
delivering ore to the reduction works at Maubhandar. 

The main shaft is now over 632 feet below the surface. The 
main items of the plant at Maubhandar are as follows:- railway 
siding ; aerial-ropeway unloading station and ore bins ; aerial- 
ropeway driving station and tension race ; flotation mill for concen- 
trating ore ; bedding bins ; reverberatory smelting furnace, con- 
verters and refinery furnace ; power house (1,876 kilo-watt capacity) ; 
boiler house (3 water-tube boilers) ; pulverised coal plant ; flux- 
crushing plant ; water-i)umping station ; machine shop ; and labo- 
ratory.^ Table 34 gives the production of copper-ore and copper- 
matte during the quinquennium under consideration. The figures 
for Singhbhum up to and including 1927 are not of much signi- 
fi(*ance, but the production of 18,055 tons in 1928 is an encouraging 
sign of what may be expected from this area. 

Copper-ore has been mined intermittently for many years by 
primitive native methods in the Darjeeling district.^ The method 
of smelling has been described by Mr. F. R. Mallet {Mem, Geol. 

Surv,, Ind.y Vol. XI, pp. 70-72). Indications 
of copper have been observed in over a 
dozen places of which eleven have been examined. The ore 
consists of copper pyrites, often associated with iron pyrites, 
and is usually of a low grade. It does not occur in true lodes but 
appears to be disseminated through the slates and schists of the 
Daling series. A sc'am said to be from 4 inches to a foot in width 
and to consist of solid ore, is exposed in the bed of the Chel river 


Dflrjeelins: area. 


* From information kindly Hupplied by the Indian Copper Corporation, Ltd. 

* Mem, OeoU iSurv., Ind., XI, pp. 69-83 ; Bee, Geol, Surv,, Ind,, XV, pp. 66-68 ; Ibid,, 
XXllI, pp. 267-268. 
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(а) Comtined production Tor 1924 and 19J5,beparatP Lcurea are net a\ailallc 

(б) ni^t<d it Re 20 t«ii! 

<f) Copper-matte 
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{26° 58' ; 88° 46'). The mine two miles north-east ’ of .Kalimpong 
was abandoned on account of the hardness of the containing quart- 
zite. At Komai (27° 1' ; 88° 51') on the left baiilc of the Mo Chu 
copper-orc is distributed in fairly large masses in bands fiom 2 to 
4 feet in thickne^ss occurring in slates ^ ; a sample from a prospecting 
drift yielded on assay 3-5 per cent, of copper and 1 dwt. 8 grs. of 
gold per ton, while a picked sample gave 26 per cent, of copper. 
At Mangphu on the left bank of the Tista there is an old cop])er 
mine whose annual output is said to have reached 5,760 lbs. of metal ; 
the ore, which is said to yield an average of about 4 })er cent, of 
metal, oc('urs in lenticular layers up to a foot thick in a band of clay 
slate. Attempts to work the mine at Pashok between 1854 and 1870 
were unsuccessful chiefly owing to the very low grade of this ore ; 
the mine is now com])letely obliterated by a tea-garden. Near the 
lu'ad of the Chochi stream, 1,100 feet above and a mile north of 
liani Hat, copper-ore has been worked on a comparatively extensive 
scale; the ore stratum averages about 18 inches in thickness, and 
has been proved to a distance of over 90 feet along the dip. A 
copper mine was opened some 43 years ago on the W(‘stern slo])e 
of Youngri hill ; the seam was, however, thin and the assay 
poor. 

Recent work has also proved the existence of lodes of possible* 
value in Sikkim, where the cox)per is associated witli bismuth, 
antimony, and tellurium, one of the minerals 
discovered being the rare*, mineral tetiadymite, 
liigTeg. Another mineral identified by the late Mr. Rlytli ui the 
(JcoJogical Survey Laboratory is linna)ite, a sulphide of cobalt, 
C03S4. 

Pros})(‘cting licenses and mining leases were secured by Messrs. 
Burn & Company, in the copper-bearing areas in Sikkim, and ext(*n- 
sive prospecting operations were conducted for some years ; they were 
suspended, however, during the War, and have not been resumed. 
The following notes are from a report made in October, 1908 by 
Mr. C. Wilkinson, showing the principal results obtained up to that 
date 


* iecc. Qrol Suri\ hid,, XXXI, pp. 1-4 (1904). 

* Publishi'd with the kind consent, through the late Mr. A. Whyte, of Messrs. Bum 

ft Go. 
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At Bhotang, 44: miles from Siliguri on the road to Gangtok, 
some old workings were examined and two parallel lodes of vyr- 
rhotite wore 0 ])ened up and found to contain varying quantities of 
zinc blende, galena, and ohahiopyrite. The lodes arc disturbed but 
development work yi(dded results which were regarded as satisfactory. 

At Kikehu, about 7 miles to the north of Gangtok and within 
a mile of the Gangtok-Lachen road, a distance of 75 miles from 
Siliguri, a more clearly defined copper lode was discovered. It 
was found, by opening up the outcrops for a length of 200 fe(‘t along 
the bed of the Selicliu, that the lode had* an average width .of 3 feet, 
bearing 0’14 per cent, of copper. By cutting the vein at a greater 
depth with an adit it was found that for 80 feet on an average width 
of 40 inches the lode contained an average content of 6*8 per cent, 
of copper. 

Ill the Hhotak colali,' a tributary of the Great Ranjit river, 
J3 miles by pack road from Darjeeling, there are extensive old 
workings which have been almost obliterated by landslips. Five 
samples of the lode, taken at irregular intervals along a length of 
500 feet, gave an average of 5*6 per cent, of coppeu. 

At Sirl)ong, about 1 mile nortli-east of the junction of the Rho- 
lak and Khani cclahs, a lode of pyrrhotfbe containing chaIco})yrit(‘ 
was exposed, yielding, for an average thickness of 2 fe(‘t 6 inclu'S, 
6-45 ])er cent, of copper, the sampling being continued for a])0ut 
100 f(‘et along the outcrop. 

Th(i Pacliilchani mine, which is reputed among the natives to be 
one of the richest of the mines in »Sikkim, has l)een overwhelmed 
by a landsU]), and has not yet been sufficienlly opened for findher 
examination (see Mr. Bose's remarks on this mine in Records, 
(rrolofjical Survey of India, Vol. XXIV, page 227). 

Another deposit was found near Pachikhani on the road from 
Riingpo to Pakyong, about 7 miles from the former locality. It 
was found that the chalcopyrite, concentrated within a zone of mica- 
schist about 4 fe('t wide, yielded on an average 4 per cent, of copper. 

Within 200 yards of the bridge crossing the Rungpo on the road 
from Rungpo to Rhenok, and about a mile to the north-east of 
tlie second of the two Pachikhani mines, there was found a quartz- 
ose vein following the foliation-planes of the Daling series and con- 
taining 3*97 per cent, of copper for an average thickness of 1 foot ; it 
is considered that this ore could be readily concentrated by hand- 
picking. 
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In the neighbourhood of Pakyong in the Pachi oolah valley, 
two veins were found cropping out at right angles to. the stream 
and at a distance of 200 yards from each othei. The average 
analysis of the samples collected from one of these lodes gave the 
following results : — 

Per cent. 


Copper 3*30 

Iron 11-23 

Lead 10*10 

Zmo 2-50 

Hulphur . . . ll'bS 

Silica 40*10 


The other lode, consisting mainly of galena, varied in thickness 
from 6 inches to 2 feet, and contained an average of 21*12 per cent, 
of lead witli 5*9 per cent, of zinc. 

In 1911 the two most important of these deposits, namely, 
Bhotang and Dikehu, were examined by the Geological Survey ot 
India/ As the result of this examination, development work was 
resumed at Bhotang with favourable results. Both deposits occur 
interbeddod with the associated rocks, being of the nature* ot in- 
terb(*d(led replacement deposits ; but whereas the Bhotang deposit is 
in a comparatively unmetamorphosed form of the Daling serhvs, the 
Dikehu deposit occurs in the belt of highly crystalline mica-schists 
with associated gneisses, forming a boundary zone between the 
Daling series and the Sikkim gneiss. In both cases, the copper-ore is 
chalcopyrite, the chief associated sulphide being pyrrhotite. But, 
especially at Bhotang, galena and blende are also of somewhat 
common occurrence. The origin and mode of occurrence of these 
ores appear to be similar to those of the Singhbhum copper 
lod(*s. In each area the bodies of copper-ore have been formed 
by the mctasomatic replacement of the associated rocks ; in each 
area also the copper-bearing formations are close to large masses 
of granitic rocks, from which, one may conjecture, the copper- 
liearing solutions were derived. In Singhbhum there are numer- 
ous basic (epidioritic) dykes associated wdth both the granites and 
the metamorphic rocks (schists, quartzites, etc.), and, as an alter- 
native to the derivation of the copper-bearing solutions from the 
granites, it is possible to suppose them to be closely connected 
with the basic dykes. 

^ L. L. Forinor ; Bee. OeoL Surv, Ivd,^ XLll, p> 76 (1912). 
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Although the dcposita of Sikkim arc similar in mode of origin 
to those of Singhbhura, they differ from them remarkably iii the 
diversity of their mineral eontents, which fre<iucntly include clial- 
copyrite, pyrite, pyrrhotite, blende, and galena; in Singhbhum, on 
the other hand, the copper-lodes show, as a rule, only two sulphide 
minerals, ohalcopyrite and pyrite, with traces of chalcocite at higher 
levels, probably representing a zone of setiondary enrichment. In 
both Sikkim and Singhbhum, azuritc, malachite, cshrysocolla, and 
chalcanthitc are found in the oxidised zones of the lodes, but in 
Sikkim, where the slopes are very steep and denudation under 
the influence of a moist climate and heavy rainfall very rapiti, 
the oxidised zones are much less prominent than in Suighlihum. 
In Sikkim the sulphide minerals may crop out at the surface in the 
fresh condition, but this jiraetically never happens in Singhbhum, 
wlu're one might doubt the existence of copper dcjiosils, were it 
not for the presence of numerous ancient outcroj) workings stained 
with gri'eu and blue oxidised copper minerals. 

One of the ob.stacles to a successful exploitation of the copper 
ores of Sikkim or Darjeeling is the inaccessibility of the areas and tlie 
lack of adecpuitc communications. A successfully ('stalilished water- 
power scheme in either area would add considerably to the prospects 
of its copper deposits. 

Several attempts have been made within the last 70 years to 
re-open the old Baragunda copper workings in the Hazarili.igh 

district of Bihar and Orissa. In 18.S8 the 
Biha^Md Baragunda Copper Company turned out 

218 tons of refined copper, but the ass.iys of 
average samides of the ore are not inviting, yielding betwi'cn I and 
3 per cent, of copptir. 

Copper is found at Bawdwin in the Northern Slian States of Burnm, 
reserves of copper ore were reported in 1028 to amount to 

Burma 350,000 tons averaging about 1.3 per cent, of 

lead ; 8 per cent, of zinc ; 7 pt>r cent, of 

copper ; and 18 ounces of silver to the ton. There is now 

a considerable and regular production of copper matte at the Naintii 
smelting works of the Burma Corporation, assaying on an average 
about 41 per cent, of copper, 35 per cent, of lead and 70 oz. of silver 
to the ton. This matte is being exported to Hamburg for further 
treatment. The annual output during the five years under review 
averaged 9,051 tons (see Table 34). Copper ore is also found in 
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Mysore. 


Kajputana and Nepal. 


the Myitkyina and Katha districts, but no regular operations are 
carried on in eitJier, and no ore-bodies of any value have yet been 
proved. 

Old copper workings on an extensive scale are to be seen in 
Nellore, in the neighbourhood of Garimanipenta (Ganipenta), but 
„ . are confined mostly to the surface. Some It 

tons or ore were produced during 192G and 
1927. The existence of payable ore at appreciable? depths has 
never been investigated. 

The 5 tons of copper ore rais(‘d in Mysore State 

Mysore ^ ^ ^ 

in 1928 came from Biligiri in the Mysore district. 

Copper has been mined at several localities in Jaipur, and deposits 

j I.T . ^>f unknown value are known to occur in 

Kalputana and Nepal. , 

Nepal. 

That there is plenty of scope for the development of copper 
deposits in India to satisfy the Indian denuiinl is seen by the magni- 
tude of the imports of copper and l)rass. 

Indian consumption average annual values ol these for the 

of copper and brass. . ^ . • m n or 

period under review are shown m Table .35, 

together with the exports of Indian copper and brass ware's (manu- 
factured from imported metal), and the k* ex])orts of fiueign copper 
and brass. From tliese it is seen tlnit the value of the average annual 
consumption has been Rs. 1,22,19,977 in the casi' of copper and 
Rs. 2,52,18,294 in that of brass, as against Rs. 2,09,07,779 and 
Rs. 2,70,10,600, respectively, in the jirevious quinfjiu'nnial period. 

Table 35. — Average annaal exportu ami imporlft of Copper avd 
Brass for the Jive years J924-25 to 192H-29. 



Jmi'ojits .... 
Exports — 

Of Indian morchandiso 
Of Eorcign meichandiso , 
Of Ciovommont atoros 

Total Exports 
Indian Consumftion 



13,36,617 


2,52,18,294 
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[E. H. Pascoe.] 

Notwithstanding tho reputation (stretching back even as far as 
Ptolemy in the European, and further in the Hindu, classics) which 

Distribution in India ^ diamond-producing country, 

the output of to-day is very small and com- 
paratively unimportant. The diamonds of ancient days all came 
from the so-called Golconda mines. Golconda, as a fact, was merely 
the mart at which tho stones were sold or bartered. The Koh-i-niir, 
presented to Queen Victoria on the annexation of the 'Punjab in 
1849 and now one of the Crown jewels, is said to have been once in 
the possession of the Emperor Aurangxob, and was, according to 
tradition, found somewhere near the Kistiia river. The Ecgcnt or 
Pitt diamond, which figured in the State sword worn by Napoleon, 
is said to have come from the Kistna district. The places which, 
according to accounts, have been most productive in the past form 
three great groups, each in association with tho old unfossiliferoiis 
rocks of probably pre-Cambrian age, known as the Purana grouj), 
and distinguished locally as the Cuddapah and Kariiul systems in 
South India, and as tho Vindhyan system in the northern part of the 
Peninsula. 

The southern of tlie three groups of diamond occurrences in- 
cludes localities, with apparently authentic records, in the districts 
of Cuddapah, Anaiitupur, Bellary, Kariuil, 
Southern group of Kistna and Godavari. Loose stones have 
been picked up on the surface of th(i ground, 
and found in deposits of alluvium and in workings lh«Tt have been 
undertaken in the so-called BanganapaUo stage of the Karmil series 
of strata. 

Although no official returns are available, private but uncon- 
firmed reports indicate that every year a certain number of valuable 
diamonds are picked up after showers of rain in the neighbourhood of 
Wajra Karur in the Anantapur district of the Madras Presidency. 
One \yas recently found in a field north of the pipe, calculated of 
sufficient size to yield a table diamond of sixty carats, worth about a 
lakh of rupees. 

During 1910-12, Mr. A. Ghose prospected a concession at Viray- 
palle in the Karnul district. The bed of diamond-bearing conglo- 
merate was found to vary between 3 inches and 2 feet in thickness 


H 
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and to yield from ^ to i (jarat of diamond from ('auL Iwld of 16 cubic 
{(ict, most of the diamonds obtained being perfect crystals of fine 
quality and free from flaws. During the past ten years no returns 
of the output in Madras have been forthcoming, and the working of 
the mines appears to have been suspended. 

In the second group of occurrences, in the Mahanadi valley, the 
stones have been found in the alluvium of the Sambalpur and Chanda 
districts, but, though strata similar to those of 
Eastern group of the Vindhyans and Kariiuls are known in this 
occurrences. ^rea, no diamonds have been found in these 

older rocks. 

The third group of occurrences occupies a tract some sixty 
miles long by ten miles wide, with the Vindhyan conglomerates near 
Paiina as the centre. The diamond-mining 
Indian industry still persists in this area, both in the 
old conglomerate of Vindhyan age, and in the 
alluvium derived tlujrefrom. The States in which diamonds are 
found arc Panna, Charkhari, Bijawar, Ajaigarh, Kothi, Pathar, 
Kachhar, Baraunda, and Chobepur. 

The following scale of strata will give an idea of the position 
of the diamantiferous beds with reference to tlic Upj)er Vindhyan 
rocloj exposed in the Central India area — 


Central 

occurrences. 


BuANDUB SKUIES 


'"Upper Bhauder aaadstoue. 
ISirbu tilialos. 

.< Iiowor Bhandor Baudatone. 
Bhandoi* limcatoneB. 
^Ganurgarh shale. 


Rbwa sbetes 


Diamantiferoua horizon. 

r Upper Rewa Bauds touo. 
) Jliiri BhaloB. 

■ i Bower Rewa sandstone, 
v. Fauna shales. 


Kaimuh series 


Diatmntiferom horizon. 

r Upper Kaimur sandstone. 
} Kaimur conglomerate. 

' i Bijaigarh shale. 

( Lower Kaimur sandstone. 


The following is a summary of the principal results of a study 
by Mr. E. Vrodenburg,^ of the diamond-fields of Central India. 


1 Bsc. aeol. 8urv. Ind., XXXIII, pp. 261-314 (1906). 
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In the neighbourhood of Panna the principal diamond-boaring stratura 
is a thin layer of conglomerate, locally known as mudda, lying 
between the Upper Kaimur sandstone and the Panna shales. The 
conglomerate is seldom thicker than two f(it*t and docs not form 
a contimious biid. Further east, in the neighbourhood of Itwa, 
the diamond-bearing conglomerate does not rest directly on the 
Kaimur sandstone, but Is separated from it by a 20-25-foot bed of 
shales and limestone. Another diamantiferous conglomerate occurs 
above the Rewa sandstones and under the Bhander series. This 
conglomerate differs from that below the Rewa series in the 
abundance of 2 )el)ble 8 of vein (|uartz, instead of the different* varieties 
of jasper found so commordy in the main diamantiferous conglo- 
merate m*ar Panna. 

The diamonds in these conglomerates, like the associated large 
])ebbles of lighter rocks, are derived from older rocks, and the original 
home of the gem is still unknown, though a precise recognition of 
the associated pebbles will gradually indicate the direction in 'which 
the mother-rock once occurred and possibly still exists. The most 
characteristic pebbles in the diamond-bearing conglomerates are the. 
jasper-pebbl(‘s d(‘rived from the Bijawar formation and the vein 
quartz similar to that traversing the Bundelkhand granites, Ihe 
latter Ijeing especially abundant in the conglomerate lying above 
the Rewa sandstone. 

Besides the diamonds lying still embedded in the conglomerates 
others are found in the neighbouring detritus derived from the 
disintegration of the Vindhyan beds. The workings are dcv(']oj)ed 
accordingly — some with a view to the removal of the undisturbi'd 
conglomerate, and others with the intention of recovering the dia- 
monds included in the more recently distribut»‘d detritus. 

The undisturbed conglomerate is often covered by considerable 
thicknesses of younger Vindhyan rocks, and is reached bv workings 
which arc often, but not always, deep ; these may be called ‘ direct 
workings ’. In other places the overlying younger rocks have been 
removed by weather agents, and the conglomerate thus exposed fit 
the surface is available for ‘ shallow workings In the detritus 
removed from the original conglomerate and dei)osited in river- 
valleys the diamonds may be reached by superficial, shallow, or 
comparatively deep workings, and they may be all sjmkon of con- 
veniently as * alluvial workings *. 


u2 
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The figures returned for diamonds relate to the production in 
the Central Indian States of Panna, Charkhari and Ajaigarh, with 

Production addition of Bijawar and Baraunda. The 

production during the five years under review is 
shown in Table 36, the average being 223-87 carats worth Es. 36,237 
as compared with 161'94 carats worth Rs. 92,124 during the previous 
five years. 


Table 36 . — Production of Diamonds in Central India during the years 

1924 to 1928. 








Quantity. 

Value. 

Daily labour. 







Carats. 

Rs. 

Persons. 

1024 






6616 

27,596 

540 

1025 






47-63 

14,598 

643 

1026 






68-60 

28,559 

490 

1927 






112-74 

44,043 

629 

1028 






823-80 

65,491 

779 




Averaqe 

• 

223-78 

36,237 

610 


Qold.i 

[ G. T)E P. Cotter.] 

The production of gold in the world during 1927 was 19,300,000 
fine Troy ounces, valued at about £82,000,000. India, with a 
production of 384,272 ounces, produced only about 2 per cent, of 
the total. During the four years 1904 to 1907, India occupied the 
seventh position amongst the leading gold producing countries of 
the world ; in 1908 she fell to the eighth position, the countries of 
higher production being the Union of South Africa, United States of 
America, Canada, Mexico, Russia, Rhodesia and Australia. Up to 1918, 
she still occupied the eighth position, but in 1920 she rose to the 
seventh position, Russia’s production having decreased. In 1925, 
the production of gold in Russia was again higher than that of 
India, which again fell into the eighth position. She maintained 
this position up to 1927 {see Table 37). 

* A gonoral account of the Rold ooourroncoB of India and Burma is given in Dr. Mac- 
laren’s ‘ Gold * pp. 238-270 (1908) ; oonsidorablo use lias beou made of tliis in preparing 
this article. 
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Table 37. — Production of Gold by the chief gold-producing countries 

during 1927?- 

Countries. 

1. Union of South Africa . 

2. United States of America ....... 

3. Canada .......... 

4. Mexico .......... 

5. Buseia .......... 

0. Bhodesia (Northern and Southern) 

7. Australia .......... 

8. India ........... 

9. Japan .......... 

10. Gold Coast .......... 

11. Belgian Conc'o ......... 

1 2. New Zealand ......... 

13. Other countiies ......... 

TOTAL . 

Tabl(i 38 shows the provincial production for India during the 

live years under review. In 1904 no less than 98-2 per cent, (by 
value) of the Indian output was returned by 

Mysore, and 1*7 per cent, by the Nizam’s 

Dominions, leaving only 0-1 per cent, as tbe 
])roduction of districts directly under British administration. By 
1908, owing to the development of reef mining in Dharwar iind 

dredging in Myitkyina, the proportion derived from districts direc- 
tly under British administration had risen to 2-7 per cent.; of the 
remainder, 94*4 per cent, came from Mysore and 2*9 per cent, from 
the Nizam’s Dominions. During the quinquennium 1919-23, Mysore 
easilv maintained her lead, and in 1923 produced 99-6 i)er cent, 
of the total. In 1928 Mysore produced all bur 177 ounces of the 
total production, a proportion equal to 99-999 per cent, of the total. 
Dhaiwar (Bombay Presidency) ceased to produce in 1911, nor 
has this area been reopened since. In the quinquennium 1919-23 
the returns from Madras Presidency (mainly Anantapur district) 
averaged 8,936 ounces annually, but the present period shows a 
decline ending in closure of the mines in 1927. The total amount 
produced from Anantapur in the present quinquennium was 7,259 
ounces, giving an average annual yield of 1,452 ounces. The opera- 
tion of the mines in Hyderabad ceased in 1921. There are no 
returns from Myitkyina. 

^ Figures token from The, Mineral Induetry of the British Empire and Foreign Covnfticr 
(Imperial Institute) Statistical Summary* 192d-27* 


Fine ounces. 


10,122,491 

2,117,263 

1,852.785 

726,175 

725,098 

682.422 

608,370 

.384,272 

308,820 

171,586 

137,065 

129,001 

1,536,007 

19,300,000 



Table 38. — Quantity and value of Gold produced in India during the years 1924 to 1928, 
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The production of the Mysore state is solely derived from the 
Kolar district and from a single vein or reef in that district— a 
reef averaging only some four feet in thickness 

* Vein jjroid : develop- and payabiy auriferous for a distance of little 
ment of Ihe Kolar field. 

The development of the Kolar goldfield is one of the romances 
of modern mining. As has been the case with all other known 
auriferous deposits in Peninsular India the attention of Europeans 
was directed to this field by the occurrencf* of numerous old workings 
along the strike of the principal lode. In 187.‘b Mr. M. F. •Lavello of 
Bangalore obtained from the Mysore Govcinment the (oneession 
to mine in the Kolar district, and after preliminary ojjerations, 
during which he discovered that large capital would he required, he 
transferred his concession to the late Major-Geneial D. de la Poer 
Beresford, who with some friends loimcd a syndicate known as the 
Kolar Concessionaires. In J8b'0, the Concessionaiies sccuud tie aid 
of the well-known firm of mining engineers, Messrs. John Taylor 
& Sous of London, and in that year were floaicd three out of the fi^e 
companies that aie still operating, namely, tlu* Mysoie, Ooregum, 
and Nundydroog companies, the Balaghat and Champioji Beef 
companies being floated in 1881 and 1889 respectively. The features 
of the auriferous deposits were not at first grasped and much money 
was expended in mining in barren ground and amidst ancient work 
ings, which were eventually found to reach a de])th of 300 feet. 
By this time the resources of the various com])anies were mostly 
exhausted, and it was only a final effort of the Mysore Company 
that disclosed that the Champum lode j)ersiht(‘d in depth, instead ol 
lieiiig cut out in depth as was previously thought. By 1885 the 
success of the Kolar goldfield was assured, and m a short time a large 
and flourishing town arose and Kolar is now one o1 the model mining 
tovns of the world, with modem conditions of life and a groii]) 
of successful and efficiejitly managed mines, in which all the improve- 
ments of mining are bi ought to hear oii the successful extraction of 
the gold quartz at increasing depths and under increasingly difficult 
conditions of work due to heat and rock j)resaures. 

The deepest mines are Champion Reef and Ooregum, which 
have each reached a depth of considerably over 6,500 feet measured 

^ The following account of the Kolar goldfield during the quinqi etinium under 
review 18 taken from an unpubliHlied itj^ort entifUd ‘A Biief Note on flic Working of 
the Kolar Gold Field for the years 1924 to 1928 ’ by K. Boequet J.F., Chief Inspector 
ot Mines in My ore. 
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vertically and, at these levels, the quartz reef encoiuitercd is practically 
as rich as at any of the higher levels of these same mines, although the 
average grade of ore milled shows a perceptible decrease. The 
figures given below represent the yield in pennyweights of fine gold 
per short ton of the five mines in the years 1924 and 1928 
respectively : — 



1924. 

1928. 

Mysoio 








lO'lO 

0-70 

Chami)ioii Eccf 








8-33 

9-60 

Ooregum 








13-16 

11-03 

Nundydroog 








8-31 

9-87 

Balaghat 







* 

14-72 

12-09 


Rockbursts continue to be a source of great anxiety and a very 
large percentage of the accidents underground are due to this cause. 
All the mines suffer more or less severely from them, but it is gratify- 
ing to record that the steps now taken to minimise their efiocts hav(‘, 
up to a certain point, proved successful. All the more impoitant 
shafts are brick or concrete-lined while, in the stoping sections, 
ordinary heavy timbering and filling with waste rock have been 
superseded by packed cribsets and pack-walls, in spite of the steeper 
inclination — ^between 70^ and 80®— of the reef. 

Owing to their great depth and the existing high rock tempera- 
tures — between 118® F. and 122® F- in the lower workings — the 
problem of ventilalion of these mines continues to be an extremely 
difiicult one. It has been partly solved by sinking deep, circular, 
brick-lined shafts, 18 feet in diameter, from the surface with cither 
elliptical or smaller circular shafts for the secondary stage, and by 
the use of large electrically driven fans to help the main air currents 
and smaller fans and blowers for special places. There are five of 
these brick-lined shafts on the field sunk from surface, of which that 
on the Ooregum mine, completed about 5 years ago, is the deepest, 
viz., 4,680 feet vertical. In spite of the increased volume of air, 
greater velocity, better circulation and decreased humidity, some 
of the mines have become uncomfortably hot in the lower levels — 
a state of affairs in which it is difficult to foresee any improvement. 
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The ore is not refractory and yields its gold to a simple combina- 
tion of amalgamation and cyaniding, being reduced for the most 
part to a state of slime ; ‘ all-sliming ’ is gradually becoming general. 

During the five years under review, the annual tonnage crushed 
gradually decreased from 086,273 tons in 1924 to 652,949 tons in 
J928. (These figures, returned by the Chief Inspector of Mines for 
Mysore, are in short tons). 

In 1905, the gold yield reached a maximum value of £2,373,457, 
the largest ever recorded in the history of the field. Since then there 
have been noticeable fluctuations in the value of the mitput ; in 
1923 it sank to £1,752,334 but again recovered slightly in 1924. 
Since then, however, it has been gradually declining. For the five 
years under review, the value of the gold extracted was £8,381,439 
whicli is less by £1,325,116 than the value for the preceding five 
years. 

In 1905, the dividends x^aid reached their maximum value, 
viz,, £1,066,615, for the whole period of the industry ; there was 
then a marked annual decline to £749,398 in 1912. From that 
date a further decline commenced, the lowest figures reached being 
£196,624 in 1919. Since that date, there has been a gradual rise with 
moderate fluctuations, the dividends during Ihe five years 

under review being £1,543,393 compared witli £1,387,770 paid during 
the })revious five years. For the same period, dividends have b(ien 
paid by all th(i five working mines, viz., the Mysore^, Chamxuon Keef, 
Ooregum, Nundydroog and Balaghat. 

No exxdoratory or mining work for gold has been done by other 
companies on the Kolar field or elsewhere in the Mysore state 
during the last five years. 

The introduction of electric power from the Cauvery fulls, the 
first stage of which was completed about the middle of 1902 and 
designed for the conveyance of 4,000 H. P. over a double line 92 
miles long, has gradually been extended and in 1928 the generating 
plant supplied 151 motors aggregating 18,811-5 N.H.P. This 
sux^ply is continuous, even in years of lean rainfall, now that the 
Krishnarajasagara dam is completed. 

The Kolar Mines Power Station, Ltd., formed in 1903, continues 
to supply power for electric lighting and the driving of motors used 
intermittently, the motive power for working the generators being 
steam. In 1928, the number of Board of Trade units supplied for 
this purpose amounted to 13,790,037. 
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The water-supply scheme from the Bcthmangala tank .(some G 
miles from tlie field), undertaken l>y the Mysore Government, has 
ensured a regular supply of filtered water sufficient for all purposes. 
The pumping plant has been electrified. 

Table 39 shows the various statistics of production for the Kolar 
field both for the period under review and for the previous quin- 
quennium. 


Table 39 . — Statistics of production, Kolar goldfield. 


Vf.ab. 

Tonnage 

crushed. 

Value 
of gold 
extracted. 

Dividends 

j)aid. 

Royalty 

paid. 




£ 

£ 

£ 

1010 .... 



1,86(!,716 

106,624 

98,157 

1020 .... 


673,152 

2,189,200 

.330,784 

117,968 

1921 .... 


641,474 

2,110,451 

312.098 

108,375 

1922 .... 


672,063 

1,787,765 

254,620 

05,754 

1023 .... 



1,752,334 

284,644 

01,758 

Total for 1019-23 (rkvtslt) 

3,340,127 

9,706,555 

1,387,770 

512,002 

FlUlTRBb). 











1924 .... 


686,273 

1,833,556 

305,004 

05,808 

1025 .... 


(>92,933 

1,684, (>10 

300,701 

01,120 

1926 .... 


040,955 

1,031,412 

300,168 

88,904 

1027 .... 


038,556 

1,627,777 

311,017 

88,840 

1028 .... 


6.52,040 

1,004,075 

307,453 

87,531 

Total for 1024-28 

* 

3,311,668 

8,381,430 

1,643,393 

1 

452,218 


£ 

Total value of gold produced from 1882 to 1928 . 08,748,023 

Total value of dividenda paid from 1882 to 1928 . 21,851,718 

Royalty paid to Mysore Government from 1882 to 1028 

inclusive ........ 3,026,286 


The work on the field is carried on by Europeans, Anglo-Indians 
and Indians in the following proportions, calculated from the number 
employed during the year 1928, the latest for which figures are 


available : — 

Per cent. 

Europeans (including Italian miners) 1*8 

Anglo-Indians 2-0 

Indians : men ......... 85*0 

Indians : women (employed only on the surface) , . 6*9 

Indians : children (under 12 years : employed only on the 

surface) 3*4 
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The following table indicates the risks attendant on mining in 
the Mysore state : — 


Table 40. — Fatal accidents in Kolar mines for the i/cars 1924 to W2S. 


Yeak. 

Numbor of 
persons 
employ 0(1. 

Do.itli I xio 

P*T 1,(KH) 
oin ployed. 

Death late pei 
£100,000 woith 
of gold 
obtained. 

1024 

. 

19,8S0 

3-38 

4*01 

1925 


19.347 ' 

3*02 

4*18 

1920 


18,742 

2*45 

2 82 

1927 

. 

18,018 

2*04 

308 

1928 , ... 

• 

18,820 

2*28 

2*68 

A in age 

• 

19, m 

2 87 

3 35 

In 1901, a company 

was 

floated to 

work the 

Hutti goldfield 


situated on the Maski band of Uharwar schists in the Lingsagar 
district of the Nizam's Dominions. This com- 
Domiiiiorist.^ (Niiam s p^ny, the Ilutti (Nizam’s) Gold Mines, Limited, 
was ail offshoot of the Hyderabad (Deccan) 
Company. Crushing with ten head of stam])s was commenced in 
1903, with a production of 3,809 oz. of gold that year. Subse- 
quently the number of stamps was increased to 30. The average 
output during the period 1014-1918 was 16,539 oz. valued at £63,403. 
During the quinquennium 1919-1923, the mines were worked up 
to the first quarter of 1920, when operations ceased. 

In 1905, another company known as the Topuldodi (Nizam’s) 
Gold Mines, Limited, with a capital of £90,000 was formed to take 
over from the Hutti Company an option held on the Topuldodi 
block in the Eaiehiir district of the Nizam’s Dominions. During 
1908, 2,132 oz. of gold, worth £8,319, were produced. But as the 
ore developed in the mine proved to be of very low grade, the mine 
was closed down, and its assets transferred to the Hutti Company. 

A third Indian field on which work was actively prosecuted 
during the earlier part of the period 1909-13 is the Dharwar field, 
situated on the Gadag band of Dharwar schists, 
fiewf* f^***'^*^ SoW- partly in Dharwar district and partly in 
the Sangli state, both of which lie in the 
Bombay Presidency. In spite of the expenditure of much capital 
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in very thorough development opeiations the reefs were found too 
poor to work and the mines were abandoned in 1911. 

In 1902, Mr. E. W. Wetherell, of the Mysore Geological Depart- 
ment, discovered a previously imknown belt of Dharwar schists 
Anantapuc stretching in a north and south direction for 

some 32 miles through the Anantai)ur district 
of Madras, but just touching the north-east corner of the Pavagada 
tahik of the Tumkur district of Mysore. Several large quartz 
reefs occur in this belt, and near the village of Kamgiri old gold 
workings Were foimd. The gold occurs in quartz veins principally 
in chloritic and argillaceous schists. A company called the Ananta- 
pur Gold Field, Limited, was formed in 1905. In 1908, it transferred 
a portion of its holdings (the Buruju block) to a new company, the 
North Anantapur Gold Mines, Limited, and other portions (South 
Jibutil block and, subsequently, North Jibutil block) under option 
to the Nimdydroog Company of Mysore. The option was exer- 
cised and the Jibutil Gold Mines of Anantapur, Limited, was formed 
to take over the properties from the Anantapur Gold Field Company 
on payment of £5,000 in cash and 160,000 fully paid shares, of which 
20,000 went to the Nundydroog Company. The Jibutil Gold Mines 
of Anantapur ceased mining operations in September, 1924, when 
notice was given to Government to terminate their mining lease. 
A small quantity of gold was extracted fiom the dumps in 1925, 
after which operations were suspended. This company carried 
out a considerable amount of development work in the pieceding 
quinquennium (1919-23). Treatment was effected at the North 
Anantapur Company’s plant. 

The North Anantapur Gold Mines, Limited, after carrying on 
vigorous development work, ceased mining operations on the original 
area in July, 1922. These mines, which were situated in the Dharma- 
varam taluk of Anantapur district, produced 44,678 ounces of fine 
gold during the quinquennium 1919-1923. In 1925, small quanti- 
ties of gold we^’e extracted from the dumps by cyanide treatment, 
but work was finally suspended in June, 1925. The total fine gold 
produced from these mines since the commencement of operations 
has been 136,739 ounces. Meanwhile, as a result of prospecting 
operations in 1922, by this company, ancient gold workings were 
discovered in the Gooty taluk of the Anantapur district some 35 
miles north of the old North Anantapur Mine. Exploratory work 
was carried on in the area and finally, in 1926, the North Anantapur 
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Salem district. 


Gold Mines, Limited, applied for a mining lease near the villages 
of Kampuram and Venkatampalli in Gooty taluk. Gold was first 
extracted from this area in 1926. The extraction of gold ceased 
in August, 1927, after which date mining operations were permanently 
suspended. 

The Nilgiris, after many vicissitudes, have ceased to bo a mining 
area : but some native workers are reported to be making a living 
by roughly treating the waste heaps, from 
^ which they extract a small quantity of gold. 

Auriferous quartz was reported to" have been found at Mata- 
gondapalli about 10 miles south-west of Hosur in the Salem district. 

^ . An assay done in the Geological Survey 

Laboratory of some of the quartz from this area, 
however, showed no trace of gold. 

Besides occurring in the free state in quartz veins, as in the 
areas noticed above, gold is sometimes found in sulphide lodes en- 
closed in the sulphide minerals. Thus, gold 
lod^s*^ sulphide Sikkim among the mixed sulphide 

lodes (chalcopyrite, pyrite, pyrrhotite, blende, 
etc.) and in the copper-bearing lodes of Sleemanabad in the Jubbul- 
pore district of the Central Provinces. Assays in the latter case 
have occasionally shown amounts as high as 15 dw^ts. per ton. 

Alluvial gold-washing is carried on in Assam, Bihar and Orissa, 
and many other places in the Indian Empire, but the fact that the 

Alluvial "old washers invariably combine this pursuit with 
other occupations, and because the individual 
return is exceedingly small and is locally absorbed for jewellery, 
complete returns are not available. These, so far as they go, give 
little hope of the discovery of rich alluvial deposits in peninsular 
India, or indeed in any part of India affected by the monsoon rains 
and dependent on them alone for the supply of the rivers. For 
concentration of gold, a comparatively equable current is essential 
— a condition rarely obtainable in the gravel river beds of India, 
where alone gold would be found, for these are almost dry in the cold 
weather and roaring torrents in the rains. The greater possibili- 
ties of dredging on the Irrawaddy appear to arise from the fact that 
the waters of that river are derived from ranges where, even in the 
cold weather, there is a heavy rainfall. But, in the case of the 
Irrawaddy, the flood waters, which prevail during the rains, have in 
the past seriously interfered with dredging operations. 


Alluvial },"old. 
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Assam. 


Chota Nai^pur. 


In Upper Assam, tributaries such as the Subansiri; that flow 
from the north into the Brahmaputra, carry small quantities* of golJ,^ 
One small bar near the mouth of the Subau- 
siri gorge was found to contain more than 1 
dwt. per cubic yard ; but the quantity of gravel available was very 
small. It is probable that some of the gold of this region is de- 
rived immediately from the Tipam (Siwalilc) sandstones, and that 
the source of the gold in the Lohit branch of the Brahmaputra is 
to bo sought in the metamorphic rocks of the Miju ranges. 

In the Ohota Nagpur division of Bihar and Orissa, alluvial gold is 
found widely distributed, but the gohl-washing is of most importance 
in the Singhbhum and Manbhum districts, and 
is chiefly confined to the valley of the Subar- 
narckha (‘golden-streaked’) river and its tributaries. The average 
earnings per person employed amount to only As. 1^ to 2 a day. 

The result of the work of Dr. Maclareii and of other members 
of the Geological Survey was to show that nowhere in Chota Nagpur 
had gold deposits — either alluvial or vein — ^been found worth working 
on European lines. Not long ago, however, interest in that area 
revived, and The Dalbhum Gold and Minerals Prospecting Com- 
pany, Limited, was promoted to work gold mines in Dalbhum 
State. A modest output of 450 ounces was first made in 1915, 
but rose in 1917 to 2,4G2 ounces : it fell to 2,085 ounces in 1918, 
and to 173 ounces in 1919. The mines were finally closed in 
1920. 

The native gold-washing industry is carried on from year to year 
in several districts of Burma, usually by only a few people in each 
district ; the number so engaged varies from 
wabhhiK^ * partly in accordance with the 

character of the seasons. No accurate figures 
of production are available. In Table 38, returns are shown of 
production from the Katha and Upper Chindwin districts. In 
1928, the total amount from these districts was 71-3 ounces. Be- 
sides the gold produced from the above districts, small quantities 
of the order of say 10 to 15 ounces are produced from the Lower 
Chindwin district from tributaries of the Yama, Yewa, and Hmyaing 
chaungs^; washing is carried on for about two months during the 


1 Rec. Oeol. Surv, Ind., XXXI, pp. 179-232 (1904). 
* Ibi d, pp. 59-91. 

^Ihid, p. 52 (1929.) 
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rains, and tlio gold-washers are said to win about 4 annas worth 
of gold per day. Similar gold-washing operations of minor im- 
portance are carried on in the Myitkyina district from the sands 
of the Urn river, between Pantin and Namon.^ The Urn bonldor 
conglomerate is also washed for gold by Shan women, who can 
collect from 6 to 7 annas worth in a morning’s work. 

The former gold-dredging on the upper reaches of the Irrawaddy 
was largely due to the enterprise of Mr. W. R. Moore, who, in asso- 
ciation with Captain J. Terndrup, was granted 

liijf !**the Irrawadd^^^^^^ ^ license for dredgiug within 

the bed of the river for a stretcli of some 120 
miles from the coufliuence above Myitkyina to the mouth of the 
Taiping above Bhamo. In 1904, the license was extended for a 
period of thirty years and restricted to about 88 miles of the river 
from Sinbo to the confluence, while sanction was given at the same 
time to transfer the concession to the Burma Gold Dredging Com- 
pany, which was registered in Rangoon in 1903. In 1907, permis- 
sion was given to alter the limits of the concession by exchanging 
15 miles of the lower end for 10 miles along the N’lnai-hka and 5 
Tuilcs along the Mali-hka. Application was subsequently made 
for a further exchange of the Irrawaddy part of the concession for 
15 miles along the eastern river N’mai-hka. This company was 
liquidated in 1911, and a new company formed, called the Burma 
Gold Dredging Company, 1911, Limited. 

For the greater part of the period 1909-1913, five dredges were 
at work, but the results did not come up to expectations. Ex- 
penses wore cut down considerably by the substitution of Kachin 
for Australian skilled labour, but the output was still considerably 
below that of 1909 ; this was attributed to the poor quality of the 
wash remaining to be worked in the bed of the river. The average 
annual outturn for the period 1914-1918 was 1,951 ounces. After 
1918, there was no production of gold, and the company closed down 
ilredging operations altogether. 

The gold-bearing alluvium is coarse gravel with the gold dis- 
seminated fairly uniformly. The average value of the gravel was 
about 3 grains (G annas) per cubic yard. Small quantities of 
platinum and platinoid metals are recovered with the gold. 

^ jRec. Qccl Hurv, Ind,t LXll, p. 63 (1929.) 
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The alluvial stretches of the Chindwin river have been found to 
contain gold at many points, but systematic prospecting has in 
Ti. rui A 1 . shown them to be valdeless as dred- 

gmg propositions, although they are a source 
of income to the native gold washers.' A concession for 180 miles 
of the Lower Chindwin river, stretching from Minsin to Homalin, 
was granted about 1903, to the Burma Mines Development and 
Agency, and in 1905, transferred to the Mandalay Gold Dredging 
Company. A dredger was obtained, but became stranded while 
being towed up the Chindwin river, and no further work was attempt- 
ed. 

The Uru, a tributary of the Upper Chindwin, has also been pros- 
pected for alluvial gold, but with little success so far. 

In 1905, the Namma Gold Dredging Company, Limited, with a 
capital of £70,000 (£55,000 issued, of which £30,000 went to vendors) 
The Namma floated in London to work two stretches 

of the Namma river, a tributary of the Salween, 
in the Shan States. A careful preliminary investigation had indi- 
cated the existence of approximately 40,000,000 cubic yards of 
gravel averaging 5*43 grains of fine gold per cubic yard. A steam 
dredger was purchased and floated in a paddock on the Upper 
Namma, but it was then found that the deposit was unfitted for this 
mode of exploitation. It consists of gravel and boulders embedded 
in a stiff clay, hardened by calcareous tufa derived from the lime- 
stone forming the sides of the valley, and is therefore not sufficiently 
loose to enable the buckets of the dredger to excavate it. The 
venture, therefore, ended in failure. 

The alluvial gold deposits of Loi Twang in the Shan States, 
worked by native washers, have been examined in detail by Mr. T. D. 
La Touche and found to be of no commercial value.* Alluvial 
deposits examined by Dr. J. C. Brown, in Mong Long, Hsipaw State, 
were also found to be too poor generally to be worth exploitation, 
although small patches were found to contain occasionally over 9 
grains of gold to the cubic yard.^ 

Other Burmese rivers to which attention has been directed by 
European prospectors, without any tangible results so far, are the 
More Chaung, Taiping, and Shweli, tributaries of the Irrawaddy ; 


1 H. S. Bion ; Epc, Oeol. Swrv. hid. XLIII, p. 341 (1913). 
> Ibid, XXXV, pp. 102-113 (1907). 

» Ibid, XLII, p. 37 (1912), 
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tlie Upper Chindwin ; the Salween ; and the streams of Tavoy, where 
gold has been found associated with tinstone. 

Alluvial gold occurs in the sands and gravels of many of the 
rivers and streams of tlie Central Provinces, particularly in those 
^ r i . drain down fn^m or run over areas where 

the ancient crystalline and mctamorphic rocks 
crop out. According to an ‘ Industri«d Monograph on Gold and 
Silverware in the Oimtral Provinces ’ by H. Nunn, I. C. S., published 
at Allahabad in 1904, which contains also the best account yet 
published of the native gold -washing industry of that province, 

gold-washing has been carried on at various times in the following 
districts : -Ealaghat, Bhandara, Bilaspur, Chanda, Jubbulpore, 
Mandla, Nagpur, Rai^nir, Sambalpur, and Seoni. From the report 
quoted it aiqicars that in addition to the washers of auriferous 
snnds, there are people engaged in a cognate industry, consisting of 
the extraction of gold and silver particles, called in England ‘ lemel.’ 
from the dust of a stmar's shop and furnace by a two-fold process, 
first ot actual winnowing, and then of washing in a river. The 
resultant gold is treated by refining processes. The persons prac- 
tising this ‘ leniel ’ washing, which is recorded for the Balaghat, 
Bilaspur, and Hoshangabad districts, arc Mahomedans, and it is 

desirable to distinguish their occupation from that of the gold- 

washer-. ])r()per, although there is doubtless at times a certain over- 
lapping of the two occupations. The gold-washers are variously 
known in different parts of the ])rovincc as jlnuas, jharias, sonjharas, 
sonjharias, and sonzaras. The report cited gives a full account of 
the methods of washing and treating the gold as jiractised in the 
Tirora tahsil of the Bhandara district. The whole gold industry 
of the Central Provinces, however, is small and no reliable figures 
for output are available. It is not likel)^ that more than 200 

ounces are won annually. 

Washing for alluvial gold is practised along the valley of the 
Indus in the Gilgit and Baltistan divisions of Jammu and Kashmir 
Kashmir State. In Skardo (Baltistan) and in the In- 
dus river in Gilgit the washing of ancient 

gravels is carried on on quite an extensive scale. In the old river 
terraces of the Dras valley actual mining operations have in former 
years been undertaken to excavate the gold-bearing bands. There' 
are no figures for production in the years 1924 and 1925. In 1928, 
the production was 60 ounces. At Kargil in Ladakh gold-washing 

I 



106 


Records of the Geological Survey of India. 


[VOL. 


Punjab. 


was carried on, and very small quantities of gold extracted, in 192G 
and J927, (the gold extracted in 1927 was valued at 10 rupees) but 
there are no retiirus for 1928. A small quantity of alluvial gold is 
said to have been obtained formerly by Tibetans from sub-recent 
gravels on the Para river on the border between Kupshu and the 
Tibetan province of To-tso.^ 

Gold washing is carried on also in some of the Punjab rivers, 
especially the fiidus, in the Attock, Anibala, and Jhelum districts, 
and the production for the quinquennium totals 
180-6 ounces, giving aii average annual figure 
of 116-1 ounC(‘s, 111 1928^ out of a total production of 34 ounces, 
32 ounces came from i\ttock. 

In tl)e Gnited Ihovine-es the gold-wasliing industry was reported 

ill 1904, as employing about 100 workers in the Nagina kihsil of 

Hiiuof district, but no returns are available 
Uiiilcd Pfoviiitcs. / f • rm n 

of recent years Irom this area. I he small 

quantities of gold repoiled iu Table 3)8 i<q)resont the result of washings 

of alluvial gold from the Sona Nadi close to the souLli-w^est border 
of British Garhwal, near Kalagarh, where the rjv<‘r passes from 

British Garhwal into the Bijnor district. Alluvial gold lias in former 
yeajH been reported also from Naini Tal district. The total pro- 
duction during the quinquennium was 18-9 mmces. 


Graphite. 

[E. L. 6 . Clegg.] 

(Jraphitc occurs in small quantities in various parts of India *- 

in the so called khondalitc series of rocks in the Vizagapatam hill- 

tracts and adjoining Chhattisgarh Feudatory 
AU)ile of occurrence. ^ , . .. • r i • 

States, in a corresponding series of rocks in 

Coorg, in the Godavari district of the Madras Presidency, in the 

Ruby Mines district in Upper Burma, and in Travancore. It has 

also been discovered in Sikkim, where a graphite vein, averaging 

about 13 inches in thickness, was found during the prospecting 

operations conducted by Messrs. Burn and Company at about 

half a mile to the north of the road from Tsimtang to Lachen. 

The quality of the mineral is said to be good, large bulk samples 

i H. H. Huyd^n ; Mem. Oeol. Surv. Ind., XXXVI, p. 102 (1904). 
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having given a return of 93 per rent, of graphite. Other veins of 
graphite are known to oeriir in the area, hut have not been examined 
in detail.’ Tt is also found in A jmer-Merwarn (Hn jpufana), and 
that dip,tri(;t and Kalahandi and Patna in Orissa veic responsible 
for a slight revival of Ihe industry, which had died out in tlie year 
1912. That industry has, boucver, again become dormant. 

The graphite deposits of Travancore occur under conditions 
similar to those of (Vylon, wdiose rocks are but a continuation of the 
charnockite series aiul associated rocks of South India. The 
Ceylon graphite has been made thc' snl)jecf of an claboralc* study 
by E. Weinschenk, who regards it as of igneous origin,^ a conclusion 
in agreement with its occurrence in South India. Small c]iiantities 
Froduciion graphite have been extracted in (lodavari 

and Vizagapatam b\it formerly practically the 
whole of the Indian production eamc' from Travancore, where' the 
average output iisetl to ])e about 13.000 tons ammully. Owing to 
difliculty of working at increased depths, however, the' mines were 
no longer found to pay and ^vere shut clown in 1912. fn 1915, the 
impossibility of obiaining gra]>hite from abroad threw India on to 
her owm resources ; an indigenous su))ply again bc'canm necessary, 
various known deposits w^rc opened ii]) and there was an output 
of 1,318 tons in 1910. Most of this came from Rajpiitana and, 
like the Kalahandi material, is dc^rivc'd from raw material of com- 
paratively low grade. 

The occurrence of gra])hite in khondalite deserves further notice. 
One of the most prominent components of the rock formations in 
tlie Eastern Ghats facies of rocks fejund in Orissa and the Madras 
Presidency is the khondalite seric's, khondalite bcini? a ^L-hist com 
posed of quartz, aillimanite, garnet, and grajiliitc. U fs not sui 
prising, therefoie, to learn that deposits of graphite^ ol posuble 
ecoiiomic value bands, veins and pockets - are somelimes found 
in association with this series Owing possildy to the comparatively 
inaccessible and undevclo]ied character of this ])art ( f India, only a 
few dejiosits of graphite of very moderate value iiavc', however, 
hitherto been discovered — in the states of Kalahandi and Patna. 

1 According to :i rt^porl, by Wilkiason, roniiiiin)k*atc'd by the late Mr. A. Whyte 
of Baniganj. 

^ Die Draphitlagerstallm der Insel (Vylon. Xhhand^ d.h. Bairr. Akad^, ltK)l, 
XXI, pp. 279-335. 

* Holland. Th (3 Chamookito Scenes, Mem, Oeol. Surv, hid,, XXV lU, p. 12(5 (1900); 
and the Sivamalai Series, op. ciL, XXX, p. 17 1 (1001). 

1 2 
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with recorded occurrences in the states of Athmallik and Sonpux, 
but other discoveries must be expected in the future when this tract 
becomes better known. In Kalahandi State graphite deposits have 
been found at two localities. At fcColadi Ghat bands 12 to 20 
inches thick have been met with in clay resulting from the decompo- 
sition of khoudalite, whilst at Densurgi bands of calcai‘eous graphite 
occur in a decomposed gneiss, which in its fresh condition was 
probably a garnet-graphite-biotitc-gneiss. 

Graphite de]) 0 .sit.s have also been found at Daramgarh and Domai- 
pali in Patna State in graphite schists associated with garnetiferous 
gneissose schists, doubtless a variety of the khondalite series. Assays 
of specimens and samjdes from Donsungi in Kalahandi and Dharam- 
garh. Mama (2 miles west of Patna) and Dundel in Patna State have 
been made with the following results 
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.. 

Flxfcd carbon (dllf.) 
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79-91 

09-07 
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Ash .... 

37-21 

31-87 

47-69 

49-55 

10 69 

28-11 

33 87 

40-47 


Sample 1 was assayed in the laboratory of the Geological Survey 
of India, and the remainder at the Imperial Institute. The latter 
samples were forwarded to an expert for report on their commercial 
value. He reported that they had not enough binding quality to 
be used for the manufacture of cru(*ibles, but that, if obtained sufii- 
oiently pure, such graphite might be used for cnicibes which were, 
subjected to one heating and then ground up and remodelled. 
During the war, however, the difficulty of obtaining graphite from 
abroad led to the opening up of the Kalahandi deposits by the In- 
dian Graphite Company (Messrs. Bird & Co.). The product was 
transported to Bisra for treatment and there picked by hand and 
sorted into needle (crystalline) and amorphous varieties, crushed 
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and sieved, and put on the market as foundry graphite in two grades, 
the needle variety l)cing used for the ])ro(Iuction of thii higher grade, 
The output from Orissa States rose from KJ tons in 1915, to 252 
tons in 1916, and fell to 122 tons in 19J9, and 60 tons in 1920, since 
when there has been no i)roduction from Orissa. The r(‘ason for the 
decline was the high cost of transport of tlie raw graphite from the 
mines in the Kalahandi and Patna slates to the refinery, more than 
120 miles of which had to be traversed by bullock cai*t. IJov\ever, 
the new Raipur- Vizi anagram railA\ay line, which is now under con- 
structioJi, wull j)ass within 15 miles of tlic (h'posits, so that a levival 
of tlie industry in tliis area may bt‘ expcVtefl. • 

Graphite has also been reeordeil from Diirdura in Sonpur Stat,' and 
from Athmallik Slate. No details are kntnvn as to ihe mode of 
occurrence at those two localities, biiii it is significant tliat tin* 
khondalite series is projuinently r<'])resentod in Atliniallik and ])ro- 
bably in caste'rn Sonpur. 

The earlier outputs from Chxlavary and Vizagapatam were 
presumably also from the khondalite series. 

In (>hota Nagpur graplute has been lecorded fiom the Palamau 
and Atoughyr district.^ in gra])hile schists aiul gneiss(‘s, but none of 
th(‘se occurrences has yet prov(*d to Ite of e( onomu* Vcilu(‘. A 
small production of graph it(‘ was repoGeil liom the Retul district 
of the Central Provinces in 1920 and 1921. 

Ther(3 has been no production of gra]>liit(‘ reported in Imlia 
during tlie period under review. 


Ilinenite. 

[W. A. K. CimiKTiK. 1 

llmenite, titaniferous iron ore, occurs as a common ac( (>ssory mineial 
in many of tbe cTyslalline rocks of peiiinsukir India It is occa- 
sionally found in masses of some size in the mica pegmatites of 
Bihar and Orissa. It accom])anies wolfiam at J>egana in Raj- 
putana. llmeiiit(' is ]den1iful in coneentrates from Tavoy and 
other parts of Burma. About 3 miles south of Ivishangarli in 
Rajputana large crystals of ilmenit<‘, 2-:> inches in diamoTer, are 
found associat(*d with clear calcite crystals forming a broad vein 
in the granitoid gneiss. This ore was at one time smelted in the 
local native furnaces. 
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But it is in tlie black sands of tlje Travaiioore coast tliat 
ilinenite occurs most plentifully in India. The production of 
Travancore for the last five years lias ])rogreHsed by leaps and bounds, 
and by 1927, India had become the largest producer of ilmenite in 
the world. 


Table 41.- Produdion of llmvnite in Tranantorc in the years 1924 to 

1928. 



that laiiK'ral K’l.itively nniiupoi't.int have been desciibed by (!. il 
Tipper.^ 

They oeeui sporadically along Ihe shoie line fiom Niiulikarni, 
north of (juilon, on the ivest eoasi to Cape Comorin, and then 
round tlie c^ast coast to ra])aruni, .i distance of about a hundre^l 
miles. TipjK'T as(Ti})es their ]>eeuliar accumulation to wave sorting 
on a l)(Mch of almormal slope' duiing quiescent north-east monsoon 
periods. l)un(*s, 1oo, have* fjccpieiitly been foimed by tin' ac'tion 
of the wind on the sun dri(‘d sands of the beach. The principal 
firm now working the deposits is the TiMvancore Minerals Company, 
Limited, whose factory is at Manavalakurichi (8° 8'; 77° 18'). 
Tin* beacli sand from which ilmenite is being extracted is said to 
contain as much as 70 per cent, of that mineral. The sand ia 
fairly hard-jiacikcnl, but damp, and is worked to a depth of about 
eight feet. It is dug out by hand into baskets and dried in the 
sun. It is then treated by screens, comjentrating tables and magne- 


* Bte.Geol Surv. Ind., Vol. XLIV, p. 186 (1914). 
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tic separators, and thus fre('d from zircon, monazite, rutile, j.{arnet 
and several other minerals. The ilirienite is taVi‘n hy road hv(' 
miles W. N. \V. to Kolachel, ^\here it is l^^a(Jef^ info liglilers an 1 
delivered to ships amdiored off the i‘oasl. 

The (hief us(^ of ilnu'nito is jji tlie nianiifacture of wliite ])aiii1s 
consisting of titanium dioxide, eiihei ])ure or, more* usually, in coji- 
junction vatli zinc oxide, barium sulphate, calcium su1j)l)ate or litho- 
phone. The opacity or liiding power ol titanium dioxide is ^ery 
high ; it is not jHiisonoiis and it has gieat resistance to coiiosion. 
For a compari'^on of its [)ro])(‘ities with iliose ol other w liitc' ,])ituneiits 
ref(*rence may be ma<le I o |)ape7s l»y A. W. Hixson and W. W. Vle( liner^ 
and (*. S. Fox.“ 


Iron. 

[11. Ckcil Jonks.] 

Biliar and Orissa, the Central Provinces and Mysore are tlie 

only parts of India in which iron-ore was 7nin(‘d during the i)e?‘iod 

under reviiwv for th(i TU’oduction of iron and 
Production. ^ i i ^ 

steel by European methods. In burma a 

considerable amount of ore, limonitc and hiematite, is won b', Hu* 

J3urma Corporation, Ltd., at W(‘tuiin, near Ma}unvo, but th's is 

entirely for use as a flux in the load smelting operations at ^Saudu. 

Table 42 shows tlie annual raisings of iron-on* in Jlihar and Oiis^a 

during the last idben yeans. The raisings suddenly inereased in 

1911 by nearly 300,000 tons, the total rising from lll,6i33 to7is in the 

preceding year to 312,342 tons in 1911. This ua?. due the opeua- 

tioiis of the Tata Iron and Steel Company, Lid., the lirst stage of 

whose works at Jamshedpur (foimerly known as Sakclii) was ( om- 

pleted towards the eiul of that year; large quantnies of iron ore 

were therefore raised from their (turmaisini^ de])ositi^ in Mayuibhanj 

State with a view^ to Ijringing the blast furnaces into opiuation. 

For the period 1911 to 1918 the yearly raisings of iron-ore in India 

w^ere of the same order of magnitude, but during the last ten ytairs 

there has been a big increase in the yearly raisings and, will 

be seen from Table 12, the production of iron-ore for the liuii five 

1 (Jhem. M(t. Kng., Vol. XXXVl, p. 7t» (1029). 

2 Trans. Mni. Geol lust. ImL, Vol. XX. p. 216 (1926). 
iJuniinaishirii ’ ‘ (1 irumahHani \ an»l ofc let llings. 



Table 42 . Froiuciion and value of Iron-ore froduced in India during the years 1924 to 1928. 
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(а) Estimated. 

(б) Excludes 1,909 tons of haematite quartzite. 
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Table 43. — Iron-ore raised in Bengal and Bihar and Orissa during 

the years 1914 to 1928. 


Year. 

Bmd- 

wan. 

Singh - 
bhuin. 

Samlul- 

piir. 




TOTAL 

l^UANTITY 





Tons. 

Tons. 

Tons. 

Tona. 

Toiw. 

Tons. 

Tons. 

1914 

. 

. 

. 

1,204 

151,662 

617 

249,010 


48 

403,441 

191G 




2,243 

127,040 

386 

210,269 


53 

369,991 

1910 




. . 

150,268 

843 

240,520 


65 

891,176 

1917 




.. 

184,816 

377 

195,621 



380.F>13 

1018 




.. 

120,308 

402 

338 903 



469,668 

1919 





104,728 

945 

423,599 



629,272 

1920 




. . 

113,008 

1,010 

403,369 



617,377 

1921 




.. 

237,173 

797 

651,495 



889,466 

1922 




. . 

215,746 

798 

378,134 



694.678 

1023 




1 

218,584 

632 

507,225 



726.441 

1924 





305,238 

654 1 

996,920 

.. 


1,302,812 

1925 




. . 

477,580 

703 

957,275 

.. 


1.435,568 

1020 




. . 

552,070 

500 

1,041,020 

. . 


1.594.577 

1927 





1,007,037 

561 

692,137 

30,825 


1,730,(00 

1023 

• 

• 



1,131,746 

21 

683, 103 

141,301 


1,966,621 


Avciaye 


(2 y«‘ars] 

J.i0,80J 

\ 

o6^ 

6JJ,JSG 

(2 yuirsj 

52 

1 (3 

185,863 


years has been steadily on the increase. Id the last quinqueinjidl 
review it was stated that the production of pig-iron in Mysore 
was commenced in January, 1023 and that the daily output was 
between 40 and 45 tons. The figures denoting the quantity of 
ore raised were not available at that time but have been returned 
since as 16,669 tons. The outpiit has been variable since, being as 
high as 56,218 tons in 1925, and as low as 14,958 tons in 1924. 

In the last quinquennial review it was noted that the Indian 
Iron and Steel Company, Ltd., were obtaining iron-ore from the 
Central Provinces as they were unable to get suflicient ore from 
their GuA mines in Singhbhum, mainly owing to transport difficulties. 
These difficulties were overcome in 1924, and the raising of iron-ore 
in the Central Provinces dropped from 68,361 tons in 1924, to 1,037 
tons in 1925 ; it has since decreased to 928 tons in 1928, the whole 
of this total being used in the indigenous smelting industry. In 
the cold weather of 1926-27 the Tata Iron and Steel Company, 
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Ltd., commenced mining ore at their new mine at Noamimdi in 
Singlibhum, 150,425 tons of ore being mined. In the following year 
the output from this mine was 507,580 tons. 

The iron-ore raised in Saml)alpur by the local lohars dropped 
suddenly in the last half of the period under revicAV from 501 tons 
in 1927, to 21 tons in 1928. 

Since the last quinquennial review, iron-ore has been mined by 
the United Steel Corporation of Asia, Ltd., in Keonjhar State, the 
output at present being taken by the Indian Iron and Steel Co., 
Ltd. 

The pages of tlie Records and Memoirs of the Grcological Survey 
for the past fifty years contain ample evidence of the attention 
that has been paid to the iron-ores of India, 
(jcncral character of Qu]y within the last few yeai’s 

iosfry!*^* " in successful attempt has been made to 

establish an iron and steel industry on modern 
lines. On the other hand, iron-smelting was at one time a 
widespread industry in India, and there is hardly a district 
away from the great alluvial tracts of the Indus, (Ganges, 
and Brahmaputra, in which slag-heaps are nob found, for the 
primitive iron- smelter finds tio difficulty in obtaining sufficient 
supplies ot ore from deposits that no liuropean iron-master 
would regard as worth his serious consideration. Sometimes 
he will break up small friable bits of quartz -iron-ore schist, 
concentrating the ore by winnowing the crushed materials in the 
wind or by washing in a stream ; sometimes he is content with 
ferruginous laterites, or even Avith the small granules formed by 
the concentration of the rusty cement in ancient sandstones. In 
ancient times the people of India seem to have acquired a famc^ 
for metallurgical skill, and the reputation of the famous wootz steel, 
which was certainly made in India long before the Christian era, 
lias probably contributed to the general impression that the country 
is rich in iron-ore of a high-class type. It is true that throughout 
the Peninsula, which is so largely occupied by ancient crystalline 
rocks, (piartz-hiematite and quartz-magnetite schists are very 
common in the Dharwarian system, the S 3 ?’stem of rocks that, litho- 
logically as well as stratigraphically, corresponds approximately 
to the Lower Huronian of America. But most of these occurrences 
consist of quartz and iron-ore so intimately blended that only a 
highly siliceous ore of a low grade can be obtained without artificial 
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concentration. These occurrences of quartz-iroii-orc schist are so 
common in India that newly recorded instances are generally })as8ed 
over as matters of very little immediate economic interest. During 
the past few years, however, ore-hodies of great size and richness 
have been recognised in a belt running througli the southern districts 
of Bihar and Orissa and constituting what is one of the most import- 
ant groups of iron-ore deposits of the uorld. 

Earlier attempts to introduce European processes for the manu- 
facture of pig-iron and steel, in India, had been such conspicuous 
failures that there, was naturally gome liesi- 

EunS‘procc4‘t-s.‘'“ “ reposing confidence in the project 

launched by Messrs. Tata, Sons and Company. 
Perhaps the earbesi attem 2 )t to intioduco Ji]nropean 2 )roc^s 8 es was 
due io the enthusiasm of Mr. Joaiali Marshall Heath of the Madras 
Civil Service, who, having resigned the service of the East India 
Company, obtained tljc exclusive privilege of manufacturing iron 
on a large scale in the Madras rresideiujy. In ISI^O, trial works 
were erected at Porto Novo in the South Arcot distrid, and were 
maintained by subsequent i.naneial assistance fioiu the East India 
Cornj>any. The business was taken over in b\ the l^orto Novo 

Steel and Iron (biu])any, and additional woiks uere started at 
Bey])ur on the Malabar coast. Various coiucssioiis were granted 
to Mr. Heath and to the succeeding iion com]»ony, but in sjiite of 
these, the undertaking jii'oxed to l)e a failure*. In 1853, a new 
association, known as the East India Iron ConijMiiy, Avas staite'd 
Avith a ca})ital of £400,000. This conij).!!!} obtained Aaiious conce^s- 
sioiis from Coa ernment, and ewocted tA\o blast fuinaccs, one in the 
South Aicot distriet and another on tin* Caiive^iy ri\cr, in the* (k)im- 
batoie district. These fuinaccs were stopped In 1858. whilst opera- 
tions at Porto Noao ceased in I8<)ti, and a( in 1807. Other 

attempts to introduce Eiuopean 2 )rocesscs hive he*e*ii made in the 
Birbhum district of Bengal and at Kalaelhungi in Kumaon. 

Bengal I ran Cow pa ny.^ 

The first scheme which proveel to be a linancial success is that 
now in opeiation at Kulti, near Barakar in Bengal. The Barakar 
iron works passed thiough various Adcivssitudes of fortune*, and 
showed no signs of financial success until the agency was taken 

^ Iuforinailt)n kindly famished by Messrs. The Bengal Jtow C’o., Ltd. 
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over by Messrs. Martin & Company iii 1889 when the IJeijgal Iron 
and Steel Company was formed and the plant completely remodelled. 
During 1919, the Company changed its title to the present form 
‘ The Bengal Iron Company, Limited ’ and the change was accom- 
panied by a substantial increase in the capital. The Kiilti works 
have five blast furnaces, but during the period under review some 
of these were shut down owing to various causes. The manufacture 
of ferromanganese was discontinued in 1919, but in 1928, 9,032 tons 
of ferromanganese were produced in No. 4 furnace before the furnace 


was finally blown out for reconstruction. 

For the last five years the pig iron output has been as follows : — 

Tons. 

1924 147,733 

1926 62,674 

1920 20,060 

1927 132,649 

1928 128,112 

The following arc the average analyses of pig iron produced ; — 


Orculcs 1, 2 Giades 3 

and 3. and 4. 


Percent IVi tent. 

Graphitic cai bon . . . . . . 3-13 2 98 

Combined carbon ....... 0-23 0*32 

Silicon 2 26 2 00 


Phosphorus 1-20 1-21 

Manganese 1*40 1’13 

Sulphur 0-22 0-04 


The blowing engines include four Parson’s turbo-blowers, one 
of 18,000 cubic feet per minute up to 7 lbs. pressure, two of 26,000 
cubic feet up to 10 lbs. pressure, and one of 50,000 cubic feet up to 
10 lbs. pressuie. A fifth turbo-blower of 25,000 cubic feet per 
minute capacity, for No. 5 furnace, was installed during the period 
under review, and was put into work in October, 1928. 

The iron foundries cover an area of about 200,000 square feet 
and comprise pipe foundries, sleeper foundries, and a foundry for 
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general and special castings, the latter being specially equipped 
to deal with heavy castings. A largo well equipped machine shop 
disposes of the works’ repairs and machines the larger or more 
intricate castings. The bulk of the castings are, however, machined 
in a special shop attached to the foundry. Th(‘ outturn of iron 
castings during the period under review was as follows : — 


1924 

1925 

1926 

1927 

1928 


Tons. 

27,045 

35,298 

70,818 

87,925 

47,402 


The coke used is made at Kulti in four batteries, each of 34 ovens. 
These are all of Messrs. Simon Carves regenerative type, three being 
waste gas and one waste heat. The output of coke for the last five 
years has been as follows : — 


1924 . 








Tons. 

219,811 

1925 . 

. 

. 

. 

* 

, 

. 

. 

63,407 

1920 . 


. 

. 

. 

. 

. 


36,884 

1927 . 

. 

. 

. 

• 

. 

. 

, 

138,988 

1928 . 

. 

. 


. 

. 

. 

. 

157,216 


Tar and sulphate of ammonia are recovered from the waste gases, 
the necessary sulphuric acid being made also at the company’s works 
at Kulti. 

The coal supply is obtained from the company’s collieries at 
Ramnagar some two miles from Kulti, and from the adjoining 
collieries of Noonodih and Jitpur in the Jharia field. The Jitpur 
colliery during the period under review has been developed and 
equipped to deal with an output of 1,000 tons per day, this being 
the average demand of the ironworks. 

The limestone used as a flux i^ raw, and is obtained from the 
Bisra lime Company and also from contractors at Paraghat and 
Baraduar on the Bengal-Nagpur railway. The average analysis 
of the stone is as follows : — 


Calcium carbonate 






Per cent. 

. 95 80 

Silica 

. 

. 

. 

. 

. 

2*70 

Ferric oxide and alumina 

• 

. 

• 

. 

. 

. 0-80 

Magnesium carbonate . 


1 


« 

. 

. 2-25 
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The site of the Barakar ironworks w^as originally chosen on 
a(Jcount of the proximity of both coal and ore deposits. ‘The out- 
crop of Ironstoiio shales, between the coal-bearing Barakar and 
Kaniganj series, stretches east and west fioni the works, and for 
many years the clay ironstone nodules from this formation cons- 
tituted tlu* only supply of ore used in llie blast furnaces. The use 
of ore from this source has been abandoned for sojne years in favour 
of the richer ore fiom tlte < onipany’s deposits in the Kolhan Estate, 
Singhbhum. Tin* juincipdl deposits are known as Pansira Burn, 
on which ith(‘ Pansira <]uaiiies are opened up, and Buda Burn, on 
which tile M.ulelkin (piairies are being worked. These are siiuatcd 
respeeth ely tvsclvc* and (‘ight inil(\s soiitli-east of the Manharpur 
station of the Bengal fslagpur railway. The total (juantity of ore 
in J*ansira Puru has been estimated at Ib million tons, whilst that 
in the Biidu Burn area is tremendous and has been roughly estimated 
at over 150 million tons. Th(‘ ore is generally a high grade hfcmatite 
with an average analysis of : 

Pci cent 


It OTi . . . . . . . . . . 04 0 

hiliOci .......... 12 10 

Lime 0-1 

Alumina ......... 1*25 

Magnesia ......... 0*1 S 

MHTiganeso oxide ........ 0*05 

Sulphur ......... 0002 

IMinsphorus ........ 0 *05 


A li-foot-b-inch railway line has been comstriicted l)y the Bengal 
Iron (^oinpaiiy from Maiihaijinr to Pansira, with a branch through 
the Ankua valley to the foot of Buda Burn. An aerial lopcwuiy 
with a ca]>acity of P) tons hourly, transports the ore from th(‘ toj) 
of J^ansira Bum (hill) to a bin at the foot, from wdiich it is aufomati- 
cally l()a<l(’d into the railway wagons. A gravity incline, with a 
capacity of (it) tons hourly, transports the ore likewise from a spur 
of Buda Burn to the railway at the foot. The following tabh' shows 
the (plant ity of ore used dining the period under review 

Tron-oro MangancHc-uro 


1924 . 







Tons. 

265,816 

Tons. 

4,420 

1926 . 



. 

. 

. 

. 

48,855 

2,604 

1926 . 

• 


. 

• 

• 

. 

49,86:1 


1927 . 

. 


. 


• 

• 

220,367 

6,043 

1928 . 

. 


• 

• 

• 

• 

216.648 

26»604 
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Labour. 


1021 

J<J25 

1926 

1927 
192H 


Tlio average number of persons employed 
daily at the Kulti works was as follows • 

(>,215 

2,119 

;{,s5o 

6,249 

6.722 


III addition to the aliove, rontractor’s labour was estimated at 
754 daily in J924, and at 217 in 1925. During the years 1921), 1927 
and 1928 there does not appear to have been any contract oiws labour 
employed. 


liulum Iron and Slr*i (^tinpanf/, Lhmfrdd 

Tile Indian Iron and St(‘el i'o., (jd., u.is lloated under the 
managing agency of Mi'ssrs. I'inrii Si ()oin|)anv witli a ca|»j1al of 
l^s. 90,09, (199 on the Jlth March, 1918, for the purpose of niamifac- 
turing pig iron, by-product coke, coal tar products, siiljihale of 
ammonia, and sulphuric a(dd. The company possesses its own iiou- 
ore, coal and limestone, mines, within easy reach of tlie works, whieli 
ar('. situate,d in tlio fork iiuidi', by the Bengal-Xagjiur and th<‘ I'hist 
Indian railway companies at their junetion at Asansol, 152 miles 
north-west of Calcutta. 

TJie works consist of two 500-tmi, mecJianically edi.irgcHl inodfun 

furnaces. The tunnel system is employed for th(» liandling of raw 

material to the furnace and 75- ton capacit.y 
Blast furnace plant. ... . , i ^ i 

Jatlles are used tor eonve^mg the liot inct«i] 

to two double-strand ])ig nmehines or to the sand -east pig bed. 

All pig iron is handled by magnets. 

The blowing plant installed consists of tavo (\ A. l^lrs^)n'»' hiLdi- 
pressure full-reaction typ< , steam turbo-blowers, each with an 
economical output of 40,9t)9 eul)ic feet ol fr(*e air per minuti* at a 
fu-essure ol 14 lbs., and a maximum output of 56,999 cubic bn't of 
free air per minute a( a ])ressur(‘ of 2.‘)-5 Jbs. Two largo Parsons’ 
turbo- blowers have also lieen added, each with an output of 59,999 
cubic feet of air at 18 lbs. f)rpssure, a maximum rating of 69,909 
cubic feet at 23 Jbs. and capable of blowing 48,090 cubic feet at a 
maximum pressure of 30 lbs, 

^ Information kindly furnishwl by Messrs, The Indian Iron Steel Company, 
Limited. 
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Six blast furnace gas-fired Babcock and Wilcox boilers, each 
having 1,510 square feet of boating surface, and constructed for a 
working pressure of 200 lbs. per square inch, and capable of an 
evaporation of 75,000 lbs. of water per hour, serve the blowing 
plant. 

The coke oven and by-product plant consists of two batteries, 
each of eighty Simon-Carves, liorizontal-fliie, waste-heat ovens capable 
of producing 1,000 tons of coke per day. A 
product pliant. battery of forty Simon-Carves, under] et ovens, 

capable of producing 450 tons of coke per day, 
has also just been put into 0])eration. The coal-charging cars and 
the combined leveller and coke rams employed are electrically 
driven. The coke is discharged on to inclined coke cars whi(‘h are 
hauled by electric locomotives to central quenching stations. When 
quenched, the coke is discharged on to an inclined coke bench and 
fed by means of a belt conveyor over a screening plant and discharged 
direct into the blast furnace bunkers. 

The direct recovery sysiem is employed for the recovery of by- 
products, and a sulpburic acid plant capable of producing 18 tons 
of 80 per cent, acid per day from natural sulphur has been installed. 

Two 3,000 K. W. turbo alternator seta, with the Westinghouse 
Tlateau lngh-preasur(» type of turbine, driving the Westinghouse 
alternating current type of generator, are in 
oper<ition and an auxiliary 150 K. W. direct 
cnrient lighting wSet has also been installed to provide* for works 
and bungalow lighting, should the large sets not be running. The 
necessary stc’am for driving the turbines is obtained from a battery 
of ten Babcock and Wilcox patent water tube boilers arranged for 
firing with waste h(*at from the coke ovens and with surplus gas. 
Each boiler has a heating surface of 5,246 square feet and is con- 
structed for a woiking pressure of 200 lbs. per square inch. 

The necessary circulating water for the turbo-blowers, turbo- 
alternator, blast furnace plant and the workvS is obtained from a 

, large reservoir on the works area containing 

Water suddiv ^ 

approximately 300,000,000 gallons of water ; 
the make-up water for the reservoir is pumped from the Damodar 
river at a distance of 2J miles from the works by two electric pumps, 
each capable of pumping 60,000 gallons per hour. 

The whole of the above-mentioned plant is in full operation and 
a ready market is being found for aU the company’s products. 


Electric power plant. 
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The company’H ore mines are situated at (liia in tin* Kollta?i 
(iovernuieut Estate, Singhblium. The Jlengal-Nagpiir railway havci 
r ^ branch line terminating at (liia w'hich is fully 

capable of taking all the ore from these nibies. 
Tlie mines arc now almost fully developed, and are capable of an 
output of over 60,000 tons per month. 

A ropeway having a capacity of 120 tons per hour ])<is now^ been 
in use some years, and is giving every satisfaedion. F(»eding into 
the bunker at the top of the ropeway, are two self acting inclines, 
one being on the endless rope prineipl(\ The ordinary two-ton 
mine tubs are clipped to the rope at IntciVrds, the deseVnding loads 
drawing the empty tubs up. The speed is controlled by l)rakes. 
An output of 800 tons daily is obtained from this incline. The 
second incline is operated by eight-ton skips. On this incline the 
gradients are very severe, end ihe brakedrums are controlled ])y 
eight double post brakes. The output from this incline will eveiit- 
ually be 1,000 tons daily. A third incline is being made similar 
to the second one. The output from here will be from GOO- 800 tons 
daily when it is working at the end of 1930. 

At the bottom of the ropeway the buckets are emptied into a 
2,000-ton capacity bunker. The hopper wagons supplied by the railway 
are loaded clirect from this bunker at the rate of 10 tons per minute. 

An endless rope self acting incline H miles long r)nnging ore 
from the mines 2,800 ft. above sea level down to the railway ut 
1,480 ft. was started in February, 1929. The tub^; from thie incline 
are emptied into a crusher by means of a power nriA cn tijjpler, the 
tubs being returned to the incline by means of an automatic tia- 
verser. The ore is reduced to 2-inch cube size and 1hen em])tied 
direct into the hopper wagons. When fully devclo])ed Ihe outj)ut 
from this incline is expected to be 800 ions daily. 

In the Jliilling Burn area a lighi railw.j} bimgs oie mined liom 
the reef at the lower level, the tubs being emptied diiect into the 
wagons. There is also an incline ojierating wdih skips biinging ore 
from the top of the hill. The ore is brought by means of a light 
railway from the quarries to the bunker at the top ol the incline. 
It is then loaded into a skip, which on arrival at the bottom of the 
meline is emptied into a crusher, the ore is rediu'ed to 2j-ineh cube. 
The output from this area is expected to be 1,000 tons daily. 

The power plant at present consists of a 250 K. W". geneiator. 
This drives the various compressors and pumps on the mines. A 

K 
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new power house is at present being built. The new 626 K. W. 
ParsoDS turbo-generator is alieady at the mines, and tjio plant 
will be running in a few months* time. A second turbine will probably 
be put in later. Nearly all drilling on the mines is done by Jack- 
hammers, driven by means of one steam, and two electrically driven 
comi)reBSors. 

A large labour force have been induced to live on the mines, 
where suitable accommodation has been provided. The drinking 
water for the labour, and the feed water for the locomotives on 
the ropeway seclion is supjdied by means of a 7,000-gallon per hour 
turbo-pump, pumping tip from springs in the valley 1,000 ft. below. 
Another spring on the other side of the hill supplies water to the 
village. 

Tata Iron and Steel Company,^ 

The Tata Iron & Steel Comxtany possesses rich iron-ore deposits 
in the Drug district, Central Provinces, in the Kolhan Government 
Estate of the Singhbhum district, Bihar and 
bhani"statl Orissa, and in Keonjhar State, but prior to 

1 926 (when Noamundi iron mine in the Kolhan 
was opened) practically the whole of the supplies of iron-ore came 
from their deposits in Mayurbhanj State, wliicli are nearest to the 
site of the works and to which the Bengal-Nagpur Kailway Company 
has built a branch line about 66 miles in length. 

The occurrence of valuable iron-ore deposits in Ma 3 rurbhanj 
was first noticed by P. N. Bose, who mentioned the following occur- 
rences : — 

(а) Bamanghatti sub-division : — 

(1) Gurumahisani Hill, over an area of 8 square miles. 

(2) Near Bandgaon in Saranda-pir. 

(3) Sidaipat-Badampahar range from Kondadera to Jai- 

dhanposi, a distance of some 12 miles. 

(б) Panchx)ir sub-division : — 

At several places from Kamdabcdi and Kantikna to Thakur- 
munda, a distance of 25 miles. 

(c) Mayurbhanj proper 

Simlipahar range, and the submontane tract to the cast 
(Gurguria, Kendua and Baldia). 


* Information kindly furnished by Messrs. The Tata Iron & 8teel Company, Limited. 
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Subsequently, on the possibility of these ores being suitable for 
the proposed iron and steel works, they were re-examined by Messrs. 
C. P. Perin and C. M. Weld, who arranged for detailed prospecting 
operations after securing prospecting rights from the Maharajah. 
A subsequent examination of the ground by Mr. W. Selkirk having 
demonstrated the existence of sufficient ore to warrant operations 
on a large scale, a lease was granted to the company over 12 square 
miles. 

Prospecting operations determined the existence of over a dozen 
considerable deposits of high-grade ore in the more accessilde paits 
of the state (see fig. 10). Of these deposits thiee, namely, (Juru- 



Fio. 10. — Map showing position of the Mayuibhonj ron-orc depobits 
^eale 1 moh<i= 16 miles. 
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mahisani, Okainpad (Sulaipat)^ and Badampahar, so for overshadow 
the others that reference will be made in detail to theln' alone. The 
ores are of the same type as those of Singhbhum and* Orissa de- 
scribed by Mr. H. Cecil Jones^. The ‘ haematite breccia ^ mentioned 
by Mr. Jones is rare in the Mayurbhanj deposits, but the other 
tjT^es are all present, including the shaly laminated ore and the 
powdery ‘ micaceous haematite.’ Deposits of these two types 
have recently been exposed in sit a in the workings at Gurumahisani. 
Magnetite, which has not been reported in the South Singhbhum 
deposits, is found at Sulaipat and Badampahar. 

Interbedded with the ores are quartzites and shales, and the 
former are often closely interbanded with heematite, the thickness 
of the alternating bands of quartz and haematite varying from about 
a quarter of an inch down to a mcTc streak. The haematite in this 
‘ banded-hsematite-quartzite ’ is not perfectly regular. It thickens or 
thins out, transgressing across the bands or filling up small fault 
fissures in the quartzite. 

The Gurumahisani hill-mass, with its three prominent peaks, the 
highest rising to an elevation of 3,000 feet above sea level, and its 
, numerous flanks and spurs, forms a conspicu- 
ous featuie in the topography of the northern 
part of the state. The large quantity of iron-ore found at this point 
and its accessible position combined to make it the first point of 
attack. In 1914-15 a careful estimate of the contents of the Mayur- 
bhanj deposits was made by Mr. E, CUrnow, and Gurumahisani was 
proved to contain 9,800,000 tons of ore. Since that date about 
5 million tons have been extracted, but the recently exposed in situ 
deposits of shaly laminated ore above mentioned, which were 
concealed under a heavy thickness of ‘ float ’ ore, suggest the 
possibility of further discoveries that may increase the estimated 
reserves by two or three million tons. 

Up to the end of 1928, the whole of the ore won at Gurumahisani 
was float ore. The first deposits in situ to be worked were reached 
only in the early part of 1929. The lower slopes of the hill have 
now been worked out and practically no ore remains below a height 
of about 260 feet above the plain level. 

The average iron content of the ore despatched from Guruma- 
hisani at the present time is about 64 per cent. 


1 Rec, Geot, Surv. Iftd., UV, pp. 203.214 (1023), 
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The following analyses of samples taken in the course of the 
several examinations to which the deposits have been subjectetl 
are of interest : — 


— 

Iron. 

Phosphorus. 

Sulphur. 

Silica. 


Per cent. 

Per cent. 

Pot cent. 

Per cent. 

Average of eleven sample? both 
‘ solid ’ and ‘ float * ore. 

01-85 

0-136 

0 030 

4-08 

Average of 20 samples of 
* float * ore. 

01-40 

0 048 

0-036 

334 

Average of U*n samples of 
‘ solid * ore. ; 

1 

64-33 

0-075 

0 021 

1-04 


A number of these samples were put through a complete analysis 
whereby were proved the absence of titanium, chromium, zinc, 
nickel, cobalt (except in one case where 0*090 per cent, was found), 
copper, lead and baryta, and the presence of arsenic in traces only 
(in one case up to 0*008 per cent.). 

The Sulaipat (or Okampad) ore deposit is situated just west of 
the Khorkai river, where the latter breaks through the Sulaipat- 
Badampahar range. Okampad is a conspicu- 
^ ' ous peak, only slightly lower than the Sulaipat 

peak (2,535 feet elevation) which lies one mile to the south-west 
of the former. Gurumahisani lies 12 miles to the north-north-east, 
Sulaipat ore is very rich, and a certain amount of it is magnetite. 
It is despatched in two grades : -that for open li earth furnace use 
runs from 67 to 69 per cent. Fe., whilst tlie blast furnace, quality 
ore yields about 65 per cent. Fe., whilst re])resentative samples give 
on analysis : — 


Per cent. 


Fe 

Mn 

SiO. 

Al,0. 

P 


05-20 

O-U 

4-70 

0-510 

0-036 


An extension of the Gurumahisani railway was completed in 
1922, to Badampahar and a narrow gauge tram-line four miles long 
has been built from the Sulaipat mine to a loading siding on this 


extension. 
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The main ore-body occurs on the top of the hill, exhibiting at 
one point a scarp some 200 feet high and covering a sup(*rlicial area 
of about 50,100 square feet in plan. A small outlier lies to the west 
of this, and these two ore-bodies were estimated by Mr. Cuniow to 
contain some 2,270,000 tons of ore. The ‘ float ’ at Sulaipat is very 
rich and was estimated at 936,000 tons, making a total of 3,200,000 
tons for this deposit. 

Recently the removal of float ore has revealed certain bauds of 
ore in^situ that were not visible at the surface. These have not yet 
been investigated in detail. 

The intimate associates of the or© are banded hsematite quartzite, 
and a very abundant fine-grained blackish quartzite superficially 
resembling first grade ore. The surrounding low-lying area is occux>ied 
by granite and both the rocks of the hill and the granite are cut 
by a network of dolerite dykes. 

The last of the three major deposits occupies the Badampahar 
peak (2,706 feet elevation) in the Sulaipat-Badampahar range, 

miles south-west from the ISulaipat ore-body. 
All the workings up to the i)resent have b(‘cii 
confined to the float ore, which is, however, not so continuous here as 
at Gurumahisani. The source of the ‘ float ’ is a series of small 
ore-bodies capping the crests of the main hill and the sj^urs. Tlic 
absence of continuity in tliesc deposits is x)robably mainly du(’ to 
faulting, but there are several quite distinct tyi>es of ore at Badam- 
pahar and the relationships of the various ore- bodies are not y(‘t 
worked out. The total amount of ore at Badampahar was estimated 
by Mr. Curnow at 8,800,000 tons, but later work suggests that i3ro- 
bably 7 million tons is a more accurate figure. 

0]ie very peculiar yellow ore, very light in weight and so poor 
in appearance, that for a long time it was ignored without analysis, 
3 delded results in certain cases as high as the following, and is now 
being regularly railed : — 

Per cent. 


(3) Badampahar. 


SiO, 0-72 

Al,Os 042 

Fe 60-00 

Mo trace 

P • . 0-062 

S . 0-15 

TiOa nil 

Oomlnnad H^O 2*40 
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The yellow colour is apparently due to the presence of limonite 
but this ore in general apjjears to be derived from the replacement 
of a dolerite sill. One of the tramway cuttings has exposed an 
altered dolerite rock in which the percentage of iron varies from 26 
to 37 per cent., and possibly it may prove to pass laterally into 
material sufficiently enriched to be worked as ore. 

One o the deposits at Badampahar is magnetite. This is a 
small isolated solid ore-body and is in the neighbourhood of a 
peridotite dyke, with which it may be genetically connected. The 
bulk of the ore, however, is haematite of similar tj^e'to that of 
Gurumaliisani but not so rich. 

Most of the Badampahar ore is more porous than either Guiu- 
mahisani or Sulaipat and is highly regarded on that account in spite 
of its lower iron content. The ore as despatched averages about 
67 per cent, to 58 per cent. Fe., a representative sample giving on 
analysis : — 


Fe 

Mn 

SiO, 

A1,0, 

P 


For oent» 
67*60 
0-62 
5*60 
5*02 
‘0*074 


Noamundi iron mine is in the Kolhan Government Estate in the 


Singhbhum district. The ore occurs in thick bedded deposits of 


hsomatite averaging well over 60 per cent, of 
KoIhan”*^Noaiiiundi.^*** selected material were needed there 

would be no difficulty in maintaining de- 
spatches averaging over 67 per cent, of iron. The ore is found on two 
main parallel ridges rising to a maximum height of about 1,000 feet 
above the railway level. It has a variable westerly dip, and is 
widely exposed on the dip slopes. It is considerably faulted in the 
northern part of the mine, but less so to the south. The sequence 


is as follows : — 


4. Upper ore beds 
3. Banded hasmatite quartzite 
2. Lower ore beds 
1. Pink and white shales. 

The two ore horizons are very much alike. The ore at the surface 
is either hard and massive or laminated, but in the latter case it may 
be soft and shaly in appearance. It is often lateritised to consider- 
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able depths. Below 100 feet in depth it appears to be mainly 
powdery ore (‘ micaceous haematite * or * blue dust ’), but in 
places it passes into powdery ore at quite shallow depths. 

The mine is connected with the Bcngal-Nagpur Railway Com- 
pany’s Amda-Cua extension by a broad gauge siding from Noamundi 
station. Desp«atches commenced in 192G, and the bulk of the ore 
despatched up to date is of the softer lannnated typo, averaging 
about 62-5 per cent, iron content, with about ^1*75 per cent, silica 
and 3 per (jont. alunima. 

The following tabic summarises the tonnages despatched from 
nil four mines during the period under review : — 


— 

Guruma- 

Uisani. 

Sulaipat. 

Badam- 

paliar. 

Noamundi. 

Total. 

1024 

I’ons. 

1 

422,798 

Tons. 

140,287 

Tons. 

339,319 

Tons. 

Tons. 

902,404 

1925 

472,057 

143,011 

317,916 


933, 6H 

1920 

480,910 

158,165 

370,987 

170,694 

1,186,646 

1927 

499,533 

86,320 

168,363 

480,420 

1,234,642 

1928 

408,139 

32,287 

49,398 

379,620 

869,444 


Tlie reduced despatches from Sulaipat and JBadampahar in 1927, 
Wer(* due to the destruction of the Bcngal-Nagpur railway bridge at 
Kainingpur by floods at the end of July, 1927, whilst the general 
reduction at all mines in 1928, was on account of a strike at the works 
at Jamshedpur. 

il/f •ssrs. Bird and Com'pany.(a) 

During the period under review, Messrs. Bird and Company 
have commejiced exporting iron-ore from the Keonjhar state. 
The whole of the iron-ore output at present is being sold to Messrs. 
Burn and C^ompany for use in the Indian Iron and Steel Company s 
blast furnaces at Ibirnpur. The iron-ore is quarried in the Bagia 
Bum ridge, lUjrth-wesi of Barabil village. The ridge runs parallel 
to the branch line of Bara Jamda-Barabil branch of the Bengal 
Nagpur railway. The workings lie partly in the Khendra and 
partly in the BarabL lease areas, and are entirely within the Keonjhar 
state. The ore is ha'matite and contains 58 to 60 per cent, iron, 

(a) Information kindly furnished by Mobbts. Bird and Company* 
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with practically no manganese. The iron-ore being mined is partly 
solid-bedded ore and partly the float ore surrounding the outcrops 
and derived from the former. 

The third grade manganese ore usually referred to by Messrs. 
Bird and Company as ‘ manganiferous iron ore’, and obtained 
during the manganese mining and dressing operations in the same 
area, is also sold to the same company for blast furnace additions 
to give the required manganese content to the pig-iron. The ore 
runs between 30 and 35 per cent, manganese and about 20 per cent, 
iron, the latter being present in the form of limonite. 

The output during the last five years has been as follows : — 








Iron-on*. 

Mangaiiifcroiia iron-ort*. 







Tons. 

1 

Tons. 









inclueloH 

1921 . 


. 


, 

, 

, , 

4,881 

(115 Singh bliiim) 

1925 . 


. , 


, 


J48 

11,302 

n ) 

]<)2(i . 


. 




231 

9,796 

( nil ) 

1927 . 


, 

, , 



36,325 

13,397 

( 7UI ) 

1928 . 


• 


• 

• 

141,301 

17,122 

(657 Singhbhum) 


A very small amount of manganiferous iron-ore, as indicated 
above, was obtained from a number of detached plots within two 
or three miles of Bara Jamda station in Singhbhum. 


This most important iron-ore area in India, now being developed 
by the above-mentioned companies, is situated some 150 to 200 
, ♦ cj I, miles to the west of Calcutta in the province 

bhuiii, Keonjhar and of Bihar and Onssa and contains extremely 
*^‘*"“*‘ large and rich deposits of iron-ore. They 

occur in the Kolhan Government Estate in the Singhbhum distrujt, 
and in the feudatory states of Keonjhar, Bonai, and Mayurbhanj. 
The deposits in the areas examined are remarkable for the enormous 
quantities of extremely ricli ore Ihey (ionlain, and will undoubtedly 
prove to be amongst the largest and richest in the world. In the 
last review it was stated that iron-ore was reported to occur in the 

feudatory state of Pal Lahara. This occurrence has since been 

examined, and the material is much too siliceous to be of any 

economic value at the present time. 

The iron-ore usually occurs at or near the tops of hills or ranges 
of hills, but near Jamda in the south of the Singhbhum district, 
and in parts of the Keonjhar state it is often found at very low 
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levels, and in some rases actually in the plains themselves. The 

most important of these ranges of hills is the one that starts near 
Kompilai in the Bonai state, and continues to the N. N. E. 

to a point above three miles south-west of tlua, a distance of about 
thirty miles. Running more or loss parallel to this range, and 

possibly faulted from it, are other smaller ranges which contain 
good iron-ore. The main range rises some 1,500 feet above the 

plain, and iron-ore averaging over 60 per cent, of iron occurs for 
practically the whole length of the thirty miles. A few small breaks 
occur, where the rock has not been replaced or where folding has 
occurred, but these are negligible compared with the total length. 
Tlie rocks forming this range dip at about 70° in a direction between 
north-west and west. 

To the east and west of these ranges, again, are more irregular 
])atches of ore occupying the tops of hills. Large quantities of 
float and brecciated ore usually occur with the ore-bodies. 

Practically the whole of the ore is hsematite and as far as is 
known no quantity of magnetite occurs in the ore-bodies. Small 
octahedral crystals occur in the ore occasion- 

nafure onhe ores. magnetite but they appear to 

be mainly martite,^ as the rock generally 
has no appreciable ofiect on the magnetic needle. Small 

octahedral crystals, some of whicli arc magnetite and some of which 
appear to be martite, occur also in the l)anded hiematite-quartzite. 
The ha3matite is rather variable in character and the varieties may 
be grouped as follows : — 

(1) Massive ha3matite. 

(2) Laminated hssmatite. 

(3) Micaceous hsematite. 

(4) Lateritic haematite, 

(6) Haematite breccia. 

The Kolhan haematites usually appear to contain about 64 per 
cent, of iron, with phosphorus ranging from 0*03 to 0-08, or in some 
oases, to as high as 0-15 per cent. The sulphur content is usually 
below 0*03 per cent. Titanium in very small quantities is also said 
to be found occasionally in the ore. Samples from the better parts 
of the ore-deposits contain as much as 68 or 69 per cent. iron. 


^ Registered No. L. 584, ia the Qeologioal Survey of India’s ooUeotions. 
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The main points of numerous analyses of these ores are the high 
iron content, the low percentage of sulphur and titanium, and the 
variability of the phosphorus content. Manganese in any quantity 
seems to occur only in the lateritic variety of the ore. 

The major part of the iron-ore seems to be fairly evenly divided 
between the Singhbhum district, the Keonjhar state and the Bonai 
state. The minimum quantities estimated up 
to the present for ore averaging not less than 
GO per cent, of kou are — 


Oistribuiion 
quantity ol ore. 


and 


Singlibhum district . . . . 

Keonjlicir State . . • . . 

Bonai State ..... 
Doubtful, B )iuii Slate or Keonjliar State 
Mayurbhanj State . . . • 


Tons. 

1,074,000,000 

800.000,000 

6150.000. 000 

280.000. 000 
10 , 000,000 (;) 


Tota^l . 2,832,000,000 

The reported estimate of the quantities of ore in the Mayurbhanj 
state has not yet been verified, but recent discoveries of in situ 
ore, seem to indicate that this estimate of 16,000,000 tons will be 
considerably increased. 

The prospecting work and mining operations, carried out by the 
various companies, indie ate that the solid haematite often gives 
place to an unconsolidated micaceous powdery variety at varying 
depths of from 80 to 100 feet below the surface. 

The rocks of the Singhbhum iron-ore area are shown by Maclaren ^ 
in his account of ‘ The Auriferous occurrences of Chota Nagpur, 
Bengal ’, as Dharwars. The metamorphism is, 
however, very much less than one expects to 
find in Dharwar rocks and the writer of tins article found undoubted 
proof near Jaganathpur, south of Chaibassa, that the Iron Ore series 
rests unconformably on upturned schists and quartzites of a typical 
Dharwar facies. 

The lower beds of this younger group in South Singhbhum con- 
sist of sandstones, bmestones and shales, ol typical sedimentary 
aspect and almost unmetamorphosed and were in the early stages 
of the kon-ore area survey considered to be of post-Dharwar age.^ 


^ Rec, Geol 8urv. Ind., XXXI, p. 70 (1904). 

* Mem. QeoL 8urv, Ind,, UY, p. 153 (1929). 
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Dr, Dunn, however, has traced these almost unaltered sediments into 
North Singhbhum and has stated that they take on a gradually 
increasing metamorphic character both along the strike and across 
the dip, until to the north and west of Chakardharpur the rocks 
become typical metamorphic schists whose lithological characters 
are identical with those of the older metamorphics. He states that 
the Iron Ore series should be considered as part of the Dharwar 
system. The result of this w’ork is that these rocks of South Singh- 
bhum havQ been classified as ‘ Older Dharwars ’ overlain uncon- 
formably by the ‘ Iron Ore series ’ or ‘ Newer Dharwars *, 

The Dharwar schists and quartzites are certainly the oldest 
rocks recognised in the area, and after their uplift and denudation, 
the rocks of the Iron Ore series were laid down on them unconform* 
ably. A mass of granite was then intruded into the whole, 
but it seems to have raised and folded the Iron Ore series rather than 
to have penetrated them to any large extent. This was followed by 
a period of basic intrusions, which took the form of dykes in the 
granite area, and to a less extent in the Iron Ore series. There are 
also large quantities of interbanded basic igneous rocks in the Iron 
Ore series, some of which appear to be contemporaneous with and 
some later than the series itself. Some ash beds have been found in 
the interbanded igneous rock. These intrusions of igneous material 
were accompanied or followed shortly after by folding and faulting 
of the Iron Ore scries on a very extensive scale. 

Intrusions of ultra-basic rocks into the Iron Ore series and 
possibly into the granite also occur. 

The Lower Dharwar rocks consist mainly of quartzites with 
hornblende, quartz and mica-schists ; the strike and dip are variable. 

The Iron Ore scries commences with a basal sandy conglomerate 
which passes up into a purple sandstone, ranging in thickness up to 
about 60 feet, and in places very coarse-grained ; the conglomerate 
consists of angular and rounded pebbles of red jasper and white quartz 
cemented together by purple sandy material. The conglomerate is 
not always present and bands of similar conglomerate occur at different 
horizons in the sandstone. This conglomerate and sandstone is overlain 
by about 40 feet of purple and pale greyish limestone, which contains 
a considerable amount of fine-grained chloritic material along the 
bedding planes. This in its turn is overlain by a great thickness of 
shales, which are often very ferruginous and penetrated by thin 
veins of quartz. Above these shales come banded haematite-quartzites 
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(jomprisiug bands up to about an inch in thickness of ha?matite, 
chert and jasper in varying proportions. In places the hajmatite-quart- 
zites are seen to pass along the strike into good ore. Abo/e the 
haematite-quartzites is another thick group of shales, which is also 
often very ferruginous. Both groups of shales contain small lenti- 
cular beds of sandstone. The haematite occurs as a replacement 
product in the banded haematite-quartzite, and to a much less extent 
in the shales above and below the quartzite. 

The rocks of the Iron Ore series near the granite south of Chaibassa 
have a general N. N. K. to S. S. \\\ strike and are gently 
folded. Towards the west the dips become greater, and the rocks 
have been very much folded and faulted. This faulting is well 
seen near Lipunga, and a strike fault apparently runs along the east 
side of the main iron-ore range. The rocks to the west of the fault 
have a very steep dip in a westerly direction. In the north part 
of the range the banded haematite-quartzites and the haematites have 
a general N. N. E.— S. S. W. strike, and dix) at about 70” 
W. N. AV. ; but towards the south the strike becomes nearly K. — S. 
with a similar dip to the west. 

The occurrence of valuable iron-ores in th(* Raipur district was 
not appreciated before Mr. V. N. Bose l)riefly rc'fi'rred to the chief 

Iron-ores of the Drug ‘deposits.’ Tho district liavinR been explored 
district, Central Pro- again on behalf of Messrs. Tata Sons and 
Company bv Mr. V. M. Weld, a large area in 
the Dondi-Loliara zarnindari ^ in the west(*rn part of the district 
was taken up Tinder })rospectmg license for detailed examination. 
The iron-ores, on account of their resistance to weathering agents, 
stand up as conspicuous hillocks in the gcuieral iieneplaiii. The 
most striking of these is the ridge, which includes the Dliali and 
Rajhara hills, extending for some 20 miles in an almost continuous 
zigzag line, and sometimes rising to heights of R)0 feet above the 
general level of the flat country around. TJie iron ores are associated 
with phyllites and are often of the usual ty^ie of l^anded quartz- 
iron-ore schists characteristic of the Dharwar system. But in 
places thick masses, apparently lenticular in shape, are formed of 
comparatively pure haematite, and one of these in the Rajhara hills 
has been subjected to very careful examination by diamond drilling. 

1 Rec, Qeol, Surv. lnd„ XX, p. 671 (1887). 

*Thi8 portion of the Hni iir district has been included in the new district of Drug 
formed in 1900. 
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The Rajhara mass was carefully sampled across the surface at each 
point selected for a drill hole and tlie cores obtained were also 
analysed in lengths representing successive depths of 10 feet each 
from the surface, giving altogether 64 samples which were assayed 
for iron, phosphorus, sulphur, silica, and manganese. The average 
results obtained for the surface samples were as follows : — ¥e., 66*35 ; 
P., 0-058 ; S., 0-108 ; Si() 2 ., 1*44 ; Mn., 0-151, per cent. ; while for the 
cores the averages were : — Fe., 68*56; P., 0*064; S., 0-071; Si02., 
0-71 ; Mn., 0-175, per cent. In this Rajhara mass the prospecting 
operations thus proved the existence of 7-J million tons of ore carry- 
ing about 67-5 per cent, of iron and a phosphorus content only slightly 
below tlie Bessemer limit. The quantity estimated is that which may be 
regarded as ore in sight, while it is almost certain that much larger 
quantities may ])e obtained l)y c.ont in nation of the ore-bodies beyond 
their proved depth. There are other large bodies of ore in this artui 
which have not been examined in the same detail. These masses 
of haematite include small quantities of magnetite, but Be])arate 
determinations of the iron in the ferric state have not l)eeii made 
in order to determine tlie relative i)roportions of the two minerals. 

The Lohara hill ore-mass has been known for a long time and 
was described by T. W. Hughes in 1873, who stated that the iron- 
Iron-ores of the forms a hill three-eighths of a mile in huigth, 
Chanda district, Central 200 yards in breadth and 120 feet ni height. 
Provinces, rc'puted to contain at least 2 million 

tons of good quality haematite. Average Lohara ore is said to 
contain 61 to 67 per cent, iron, 1-5 to 11 per cent, silica, 0-012 per 
cent, sulphur, and 0-005 per cent, phosphorus. 

In addition to the results of prospecting operations conducted 
for the Tata Iron and Steel Gomp.any in Mayurblianj and the Ccuitral 
Iron-ores of the Pi’^vinces, valuable information has been col- 
Jubbulporc district, looted by Mr. E. P. Martin and Professor H. 
Central Provinces. Louis ill the Jiibbulpore district. Prospecting 

operations conducted in tliis area showed that while iron-ore is 
widely distributed and the formations in which it occurs are pro- 
minent in the district, there are no rich ore bodies of large size that 
could be relied on for the output necessary to maintain an im- 
portant industry, and most of the ore, being in the form of soft mica- 
ceous luomatite, would be physically unfit for use in a blast furnace. 
Generally, also, the ores in this district contain a projiortion of 
phosphorus too high for acid Bessemer steel. 
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Iron-ores are known to occur in largo quantities in the Mysore 
state, and have been investigated by the Mysore Geological Depart- 
ment. We are indebted to Dr. W. F. Smeeth 
ysorc. following notes 

The ores appear to belong to various phases of the Arohasan oomplex and to 
differ considerably in their modes of origin. The haematite ores of the Bababiidan 
liiJls are by far the most abundant and are of good quality but vary considerably 
in the amount of phosphorus they contain. The following classification seems 
to be in accordance with the numerous observations so far recorded : — 

(1) Banded ferruginous-quartz rock which occurs as a common integral com- 
ponent of the Dharwar schists. The' banded ferruginous-quartzites 
are very widely distributed and vary greatly in the respective ])ro- 
portions of magnetite and haematite present. A number of samples 
from the scarps of the Babaliudan hills gave averages of 38 per cent, 
and 42 per cent, of iron, but many of the outcrops contain less. Owing 
to the very intimate admixture of the quartz and iron-ore grains in these 
rocks magnetic concentration has not proved very successful. Fine 
crushing is necessary but even after crushing through 60 mesh the richer 
concentrate (Fe, 64 per cent.) contained only 25 per cent, of the iron in 
the rock. With a stronger magnetic field between 60 and 70 per cent, of 
the iron can be recovered in a concentrate assaying about 60 per cent. 
F(*. The following analyses represent averages of a large number of 
samples divided for convenience into three grades. The analyses 
are made on dried ores, the moisture being usually under 1 per cent. 


— 1 

High LuaJe. 

Medium 

grade. 

Low gi ado. 







Per cent. 

IVr cent. 

IVr cent. 

\ lOBs on ignition 




• 

6-23 

8-87 

lOOl 

SiOa 






M2 

1 00 

3*62 

A1,0, . 






2-36 

3 00 








trace 

ti aco 

0-20 

Mn 






010 

013 

trace 

Fo . 






0P24 

.-iSOO 

53-85 

S . 






0038 

0038 

003 

V . 


• 




0031 

0 03S 

005 


(2) Desilioified portions of (1) with, in some cases, addition of iron from solu- 
tion or by metasomatic replacement of quartz and silicates. These 
form rich limonite ores. The banded ferruginous-quart- 
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zitcfl arc iiHually steeply inclined, but sometimes lie nearly horizontal. 
This latter is the ease over the eastern portion of th^ Bababudan hills, 
wh(*re these rocks form an undulating capping of from 200 to 500 feet 
in tliickncss on top of the green-stonos and hornblende schists at an 
elevation of about 5,000 feet. In this area the banded quartzites 
outcrop where there are sharp local folds or crumples, or whore there 
has been much denudation. On the more gentle dips and undulations, 
solution of the silica has been active and has caused the removal of the 
quartz to a depth of many feet. 'J^he result is the production of a more 
or less banded and porous layer of hsematite ore to a variable depth- - 
in places 10 feet and probably deeper. A sample taken to a depth of 
9 feet gave the following analysis : — 

Moisture at 100® C.~0'36 per cent. 


Ort dried at 100®C. 


HjO 






Fc 


. 

• 

. 

r .8 8 / 






82 79 

P 

• 

. 

• 

• 

00'>7 

FoO 





0 - 5 1 

8 


• 

• 

, 

0*047 

MnO 





0-08 







AlaO, 





0-82 












0*20 







CaO 





0*13 







810 , 





0*77 







n,o. 





0*13 







80 . 





0*118 












100*38 








(3) Zones or layers of massive ore,— probably the result of the mptasomatic 

replacement of silicates (igneous and metamorphio schists) by oxides 
of iron. These are either liraonites or hspmatites and are sometimes 
associated with (1) and sometimes not. In some places they are 
associated with manganese-ores. Such ore-bodies have been found 
amongst the steeply inclined schists of the Shimoga district and also 
in the Chitaldroog schist belt, in both cases near or adjacent to manga- 
nese-oiea. As regards quantity, there can be no doubt that a very 
large supply of fairly good ore can be obtained from various points 
on the eastern section of the Bababudan hills, but no satisfactory 
estimate would be possible without exticnsive prospecting. Of ores 
containing about 64 per cent, iron a few milbon tons could probably be 
obtained, but it is questionable whether it would be worth while to 
pick such a high grade in iron. Of ores running about 60 per cent, 
iron probably some 25 to 50 million tons could be obtained in several 
large deposits, and of lower grade ores, down to 55 per cent, iron, the 
quantity might safely be put at 100 millions and probably at several 
times this amount. 

(4) Magnetite and hsematite lenses which appear to be of magmatic origin 

associated with ultra-basic xocks intrusive into the Dharwar schists. 
They are usually highly titaniferous. 
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A number of long lontioiilar outcrops of these iron-ores have been found in 
the Channagiri tahiJc, The ores from a large number of outcrop^s 
have a strong family resemblance, and of the more massive varieties 
several hundred thousand tons are easily available. Partial analysis 
of a number of samples showed that the ores were all very similar, and 
a more complete analysis of one gave the following : — 


Per cent. 

n,0 (total) 1-23 

810. 0-83 

Fc 66-82 

8 0019 

r . nil 

MnO . " . . , ^-48 

Cr.0 8-09 

A1,0, 1-79 

CaO 0-72 

MgO 1-J>8 

TiO, 11-60 


The large amount of titanum spoils these ores for smelting purposes. The 
absence of phosphorus and the presence of chromium arc features 
of all the samples. Some ores of this series also occur in the Nuggihalli 
schist belt of the Channarayapatna taluky whore they are closely 
associated with chrome ores in a series of amphibolites and peridotites. 

(5) Quartz-magnetite ores, which appear to be of magmatic origin and geneti- 
cally related to the chamockite series and therefore subsequent to 
the Dharwar schists and to the Aroha*an gneiss. These ore* occur 
in the Malvalli taluk, north of the Cauvery river, where the chamockite 
masses of KoUegal penetrate the older gneiss and schists in tongues and 
dyke-like intrusions. They are found also in parts of the Mysore 
district. 

Numerous gradations have been observed between the normal basic chamockite 
and these ores, in which we get increases in the proportion of the magne- 
tite and quartz with diminution of the felspar and ferro- magnesian 
constituents, and finally a rock composed essentially of quartz and 
magnetite with a little accessory hypersthene, amphibole, or garnet. 
The rock occurs in long thin lenses or dylces iii Irfie more normal chamo- 
ckites or in the older gneissic complex, and the constituent minerals 
are usually grannular without any marked tendency to a banded 
arrangement. 

Tlio results of proliminaiy investigations carried on by the 

Mysore Geological Department regarding the feasibility of the 

manufacture of pig-iron from the iron-ore de- 

dultry on^ modern"line8' Bababudan hills, Kadur district, 

and some other subsidiary deposits in the 
adjoining Shimoga district having been favourable, the Government 
of Mysore consulted Mr. C. P. Perin, the technical expert, in 1915, 
to formulate for them a workable scheme for smelting the ores in 

L 
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charcoal furnaces. On his recommendations, the. Government 
decided in 1918, to start the industry under the title of the ‘ Mysore 
Iron Works ’ at Bhadravati, 11 miles east of Shimoga. Owing to 
unforeseen and unavoidable delays in getting the necessary material 
ani setting up the plant, smelting operations could not be started 
before 1923. 

The works are located at Bhadravati, on the Birur-Shimoga 
braujh line of the Mysore state railway, which is about 11 miles 
east of the town of Shimoga, and is situated on the west bank of the 
river Bh,adra. A new town laid out on modern principles has been 
built close to the works for the use of its employees. All tlie sections 
are at present under the charge of Indians, who are mostly natives 
of Mysore. The management is subject to the control of a board 
of directors and a chairman. 

The raw materials arc transported to the works by lines of tram- 
ways, and the Birur-Shimoga meter-gauge railway. The length 
of tramlines laid out at present is 60 miles. 

The main source of ore supply is the Kommauguudi orc-ficld, 
whicdi is about 2i miles north-west of the Kalliatti bungalow on 
the top of the Bababiidan hills and about 26 miles south of Bliadra- 
vati. The ore is mostly haematite with some limonite, and is mined 
in open quarries. The ore from different working-spots is trollied 
and collected in a bin placed at the upper terminal of the ropeway 
whence it is fed into buckets, handed down the ropeway and dumped 
automatically into the open [)in at the lower terminal. From here 
it is railed to Bhadravati. The ropeway is about 3 miles long and 
the vertical drop from the upper terminal at Kemraangundi to the 
railhead at Tanigebail is 2,000 feet. Its capacity is about 300 tons 
per day, and it was completed in 1924. 

It was first proposed to bring the dolomite flux from a quarry 
at Voblapur in the Turakur district, but the cost of transport being 
lieavy, the proposal was given up, suitable material being obtained 
from the newly opened quarry on the Shankargudda range of 
hills in the Shimoga district which could be supplied to the 
works at less cost. Limestone is now used as flux and is obtained 
from Bhandigudda (Bhadigund) near Gangur which is about 13-J 
miles east of Bhadravati. 

The siliceous ore required for mixing with the iron ore is 
obtained from a quarry opened up about 3 miles west of Birur ; 
it is railed to the works at Bhadravati. 
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Owing to the delay experienced in completing the construction 
of the aerial ropeway down the slopes of the Bababudan hills and 
to oth^r difficulties, the first supplies of iron-ore were got from a 
subsidiary deposit, which is entirely limonitic, at Chattanhalhp 
whence they were readily conveyed to the works by the tram 
and rail lines of the United Steel Co., and the Mysore railway. Work 
was stopx)(?d at Chattanhalli after the completion of the ropeway. 

The average analyses of ores and fluxes put into the smelting 
furnace at present are as follow : — 


— 

Kommangundi 

iron-oro. 

IJmofltone. 

m 

Silieoou 0 

Iron -ore. 






Per cent. 

Per cent. 

Per cent. 

Lo 8 a OD ignition 




7-60 

40-33 

0-64 

SiOa • 

. 



. 

200 

6-17 

68-85 

A1,0. . 





400 

1-00 

0-75 

Fo.O, . 



. 


86-71 

1-25 

37-93 

TiO^ . 



. 


trace 

nil ' 

nil 

MnO . 



. 


trace. 

0-79 

1-00 

CaO 



. 


nil 

48-67 

0-60 

MgO . 



. 


nil 

2-23 

0-28 

i’jO. . 

. 


. 


014 

nil 

0045 

SO 3 

■ 


• 

• 

0076 

nil 

0042 


The wood rcfjuired for making charcoal by distillation c-funes 
entirely from jungle trees, whied) cannot he made use of for any better 
purpose ; it is being supplied from coupes whicli, have been sys- 
tematically laid out and worked in the State forests adjoining the 
works. 

The works comprise smelting plant and the wood distillation 
with its by-product recovery plant. At present there is installed 
a single blast-furnace of the American type with complete equip- 
ment, and it has a capacity of about CO tons of pig-iron per day. 
The distillation plant comprises a set of ovens for burning wood 
in closed chambers and converting it into charcoal, and a system 
of pipes and apparatus designed for the recovery of the by- pro- 





140 


ICecords of the Geological Swvey of India. 


[Vou 


ducts — wood-alcohol, acetate of Jiine and wood-tar. After five 
years of construction, production work was commtenced in the 
month of January, 1923. The daily output of pig-iron has gradually 
risen from 40 to 45 tons per day to the maximum capacity of 
60 to 65 tons per day. 

The annual output of the ores and fluxes in tons for the calendar 
years 1924-1928 are : — 


Fear. 

f 

Kommangundi 

iron-ore. 

Limestone. 

Siliceous 
iron ore. 

1924 

6,892 

. . 

2,696 

1926 

56,218 

8,003 

• • 

1920 

15,462 

3,956 

1,909 

1927 

45,389 

•• 

2,031 

1928 

21,460 

•• 

1,291 


The large tonnage in 1925 was due to a large portionof the 
mining work for the season 1925-26, having been done during the 
latter part of 1925, owing to a large influx of labour at that time. 
The output of pig-iron during the five years has been : — 


Tons. 

1924 16,426 

1925 16.741 

1926 19,623 

1927 19,868 

1928 16,104 

The results of analyses of this pig-iron show : — 

Si 0-2 to 3-6 percent. 

Mn • • • • • > • 0*2 to 2*5 „ 

C (total) ..•••• 3*5 to 4*8 „ 

P 0*06 to 0*16 

Cr 0*02 to 0*03 „ 

S 0*02 

Fe 02 to 94 


A portion of the pig-iron is used for casting and in the pipe 
foundry and the rest is sold as pig-iron. 
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The present daily output of the by-products is : — 

Lime acetate 6*5 tons. 

Alcohol 600 gallons. 

Tar 12 tons. 

Kankar from Dronachallam, Kuniool district, was being used 
primarily for tlie manufacture of acetate, but now lime-kankar is 
being obtained from several places in the state. 

The output of by-products for the years 1924-1928 has been 



1924 

1925 

1,286 

109,796 

2,601 

1,318 

106,800 

1648 



Acetate (in tons) 
Al(!ohol (in gallons) 
Tar (in tuns) 


The sales of these products have been chiefly outside the atat(\ 
Jjabour is imported mostly from the Mysore, Tumkur, Kolar 
and Chitaldrug districts of the state, but a small percentage is 
also imported from Malabar and Salem, About 350 coolies are 
employed in the iron mines ; they are provided with suitable huts for 
living purposes. 

The iron-ore of the Goa and Ratnagiri areas is of Dharw’ar age 
and crops out in the midst of laterite. As seen at the outcrop, it is a 

Goa and Ratna irl composed either of limonite or of 

^ ’ hasmatite containing minute crystals of magnetite. 
At Bicholim, 22 miles from the port of Marmagao in Goa, the principal 
ore band has been traced for a distance of 7 kilometres and is 


said to vary in width from 30 to 100 metres. Prospecting work 
carried out by the ‘ Compagnie des Mines de For de Goa ’ in the 
Protugiiese territory of Goa, and by Messrs. Jambon and Company 
in the adjoining British district of Ratnagiri indicated that this 
hard ore is probably the surface, hydrated form of friable 
schistose' micaceous haematite, which is found unaltered at a 


relatively small distance, approximately 50 feet, below the surface. 
On account, however, of the extent of the outcrops, the hard 


superficial ore is probably available in large quantities, and, as 
analyses indicate it to be of high grade, with a very low percentage 
of silica, and phosphorus below the Bessemer limit, it seems pro- 
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bable that Goa possesses valuable iron-ore reserves. - Some of the 
deposits are only 4 mill's from navigable water and it is therefore 
not impossible that iron-ore may be mined at some time for export. 
Production of iron-ore is reported from the following localities, 
Hyderabad Asafabad, Khammammett, Karimnagar and 

Nizamabad. 

The indigenous metliods of smelting iron in various districts in 
India have been frequently described, and no new features in the 
methods have recently been noticed. The in- 
liidustry""**'^^ snirltliijc still persists in a. few districts of Bengal 

and Bihar and Orissa ; in the Kumaon hills ; 
in Mysore ; in the districts ofMalabar, Salem, and Tricliinopoly of 
Madras ; in Hyderabad ; and in several states in Central India and 
Rajputana. The industry shows signs of greatcT activity in the 
Central Provinces than elsewhere. In the last quinquennial review 
returns were only received from the districts of Bilaspur and Drug 
in the Central Provinces, and during the last year of that period 
119 furnaces were at work. Returns are now being made from four 
other districts and from the table it seems that the indigenous 
industry is gradually dying out. At one locality, Ghogra, in the 
Jubbulpore district, manganiferous iron-ore is smelted with the 
production of a steely iron known as khvri^. 


Table 44, — Number of iron-svielling furnaces at umh in the 
Central Provinces during the period 1924-28, 


— 

1024 

1926 

1926 

1927 

1928 

Bilaspur . 

• 


97 

103 

102 

95 

102 

Drug 



26 

• • 

- 

11 

16 

Jubbulpore 

• 


•• 

1 

1 

1 

1 

Mandla 

• 



36 

36 

47 

54 

Raipur 

. 


107 

«8 


48 

20 

Saugor 



• • 

4 

4 

3 

3 


Total 

• 

229 

211 

' 

211 

205 

196 


> Mm. Oed. Surv. Jnd., XXXVIl, p. 596 (1909). 
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Iron-ore occurs at numerous places along the outer Himalaya, 
the rocks being similar lithologically to some of the Dharwars 
of peninsular India. Owing to the abundance 
lnJug*ry"ln oLrwat*"*' timber and, until recently, to the absence 

of railway transport by which cheap foreign 

iron and steel are distributed, the hhar, or agaria, as the native 

smelter is sometimes called, flourished to a later date than 

in the more accessible parts of the Peninsula, and the industry of 
iron-smelting stdl })ersists in a languishing condition. The neces- 
sity of curtailing the indiscriminate Cutting of forests, J;he readi- 
ness with which a large variety of foreign implements can be obtained 
in the bazars, and the higher wages obtainable on account of tlu* 
geTu'.ral progress of the country have all combined to encourage the 
lohar to leave his ancestral calling for other industriiis, althongli a 
few workers still occupy their leisure during slack seasons in smelting, 
and the native-made product is preferred to foreign iron when it can 
bo obtained readily. 

In tluj higher parts of the Garhwal district the fuel used is the 
charcoal of the humn (rhododendron) and ayas (oak), while the 
chit tree {Pinus longifoUa) is used in the lower hills. The simple 
‘ blooraories ’ used are not unlike those generally used on the plains. 
The purified wrought iron obtained from about one minmd (82 lbs.) 
of ore wciighs only about 10 pounds ; it is made up into rough 
implements lilce hoes, hammers, and crowbars. 

The lohars of Garhwal are regarded as belonging to an uj)] or 
section of the low-caste Joms, They regard as the founder of 
their caste one Kaliya lohar, who is supposed to have su])2dicd the 
Pandavas with their fighting weapons, and he is now^ piopitialed 
before each smelting operation with an ofler of five i)ieces of 
charcoal. 

Owing to a world-wide slump in the iron and steel trade, the 
industry was not prosperous in the early part of the quinquennium 
and its conditions were investigated by the 
Indian Tariff Board and a measure of jirotec* 
tion introduced for steel in 1924. The Steel Industry (Protection) 
Act was passed in 1924, and granted, up to the 
Slst of March, 1927, to companies emjJoying 
Indians, bounties upon rails and fishplates wholly manufactured 
in British India from material wholly or mainly j)roduced from 
Indian iron-ore and complying with specifications approved by the 


Pratection. 


(Act No. XIV of 1924.) 
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Kail way Board, and upon iron or steel railway wagons ‘a substantial 
portion of the component parts of which had been manufactured 
in British India. These bounties were increased in 1926, and 
protecti/e duties were suggested. 

This act was repealed by Act No. Ill of 1927, and consequently 
the payment of bounties ceased on the 31st of March, 1927, but the 
industry is protected to a certain extent by varying tariffs on different 
classes of imported steel. This protection is given for seven years 
commencing from April 1st, 1927, and the Bill provides for a statutory 
inquiry in the fiscal year 1933-34, to ascertain what amount of 
protection may still bo necessary. 

Except for the pig-iron and steel produced at Kulti (Barakar), 
Jamshodjjur and Burnpur, the greater part of the iron and steel 
used in India is imported. The steel furnaces 
in the Government ordnance factories con- 
sume 300 tons of indigenous pig-iron and 2,700 tons of imported 
pig-iron annually. To the former figure, however, should be added 
3,200 tons of high class scrap supplied by steel makers in India, 
which is produced entiredy from indigenous pig. With the excep- 
tion of about 50 tons of special pig-iron, all pig-iron used by the 
East Indian Kailway works at Jamalpur during the period undc^r 
review has been of Indian origin. The iron ])roduced by i)rimitive 
Indian methods probably amounts to less than 1,000 tons a year. 
The requirements of the country in iron and steel are indicated by 
the import returns summarised in Table 45. From this it will 
be seen that the total value of the unfinished and finished iron and 
steel pi’oducts imported into India have remained fairly constant 
during the quinquennium, but the average value has decreased 
from 65,14,74,267 rupees in the last quinquennium to 49,36,32,283 
rupees in the period under review. 

In 1924 there was a big increase in the toal production of pig" 
iron in India — from 599,516 tons in 1923 to 872,647 tons in 1924. 

A large portion of this was exported and the 
prices at which it proved possible to land 
cargoes of Indian pig-iron at United States ports led to complaints 
from American producers and anti-dumping notices arc said to 
have been issued against certain cargoes of Indian pig^. 


^ Iron and Coal Trades Rmew 1025, p, 757. 



Table ^o.—Imjxyrts into India of Iron and Steel materials during the years 1924 to 1928. 
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( a) Figures for quantities are not available. 
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Table 46. — Exports of Pig-iron from India during the years 1924 

to 1928. 



1924 


1926 

1927 

1928 

A wrage. 


Ton:^. 

Tons. 

Tons. 

Tons. 

Tcms. 

Tons. 

To 







Untied King- 
dom. • 

8,H2ft 

28,708 

15.314 

21,140 

8,920 

10,582 

Germany 


11,606 

3,166 

9,926 

8,512 

0,040 

Japan . 

149,(107 

168,713 

230,913 

265,226 

321,010 

225,112 

United StateH 
of America. 

97,771 

177,180 

49.760 

C7,68.'> 

67,897 

00,058 

0 iJier couiitrlpi 

14,769 

26,598 

16,009 

1 

19,983 

32,256 

21,721 

total 

271,066 

401.794 

315,162 

883.960 

428,626 

360,119 

Total value In Rs. 

1,79,78,290 

1,98,66,537 

1,42,19,649 

1,74,28,804 

2,01,60,789 

1,79,28,695 

Total valve in 
{Sterling. 

&J.293,i02 

(£1« 

Kh. 18-9) 

U,493,724 

kt Ta-a) 

&1,06J,100 
(£1- 
R«. 33-4) 

il,300,619 

. Ra. 13*4) 

£7,503,790 
(£1- 
Rb. 13-4) 

11,330,539 


Throughout the quinquennium the United States of America 
and Japan were the principal consumers of Indian pig-iron, 
although there was a big drop in the American consumption in 
1926, 


Jadeite. 

[ J. CoGGiN Brown. ] 

Jade is a name popularly applied to certfi^in semi-precious stones, 
usually of a green colour, which belong to at least two distinct mineial 
species, nephrite and jadeite. On account of their tcnghness, colour 
and supposed magical properties they have been treasured by 
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mankind from tho earliest times. Celts and carved omamonts of 
jade and jadeitc have been found in many prehistoric sib'S both in 
Europe, Asia and North America. These ancient beliefs have 
descended through the centuries to the modern Chin(\se who prize 
and revere the stone which they believe confers on the wearer 
immunit}^ from accident and ill fortune and is tlu' symbol of purity 
in private and official life. At the same time an admiration for the 
remarkable beauty of Burmese jadcite has gradually growni up in 
W(‘stern lands where it is rapidly becoming a favourite articb* of 
feminine adornment. 

The winning of the mineral forms an important industry in the 

Myitkyina district of Upper Burma. A certain quantity of the 

^ . stone passes by the overland routes to T^ng- 

exports and prices. i i ^ ” 

yueh m Yunnan, where it is marketed, cut, 

polished and distrilnited to the w<‘8tern provinces of China, but 

most of it finds its way down to Rangoon, through Mogaung and 

Mandalay, whence it is exported to the Straits Settlements and 

various Chinese destinations. 

The official returns of jadeite production are anomalous and 
little reliance can be placed upon them. The export figures which 
have been used as a fairly reliable indication of the state of the. 
industry in the past are now vitiated as the trans -frontier trade 
returns are no longer collected. Such figures as exist, how^ever, are 
given below : — 


Table 47 . — Production of Jadeite during the years 1924 to 1928. 


Ykah, j 

j Quantity. 

1 

Valve. i 

Viiluo per 
cwt. 




CwtB. 

Us. 

Rb. 

1924 

. 



2,630*4 

8,60,493 

327*1 

1925 

. 

. 

1,096*6 

2,67,148 

167 6 

1926 


. 

I,2()3-9 

2,34,436 

ltM-7 

1927 

. 



2,227-0 I 

2,39,064 

107*3 

1928 

• 



2,8«l-0 1 

1 1 
1 

2,85,084 

1 

100 6 



1 

Average 

2,126-6 

1 

j 3,77,429 

177 4 
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Table: 48. — Exports of Jadestone from Burma during the years 1924-25 

to 1928-29. 


Ysar. 

Quantity. 

Value, 

Value per 
cwt. 


Cwts. 

lia. 

Rs. 

1924-25 

2,766 

7,06,800 

256-5 

1925-26 * 

972 

1,62,751 

167-4 

1926-27 ♦ 

2,139 

4,70,225 

219-8 

1927-28 * 

1,961 

3,02,440 

154-2 

1928-29 * 

2,698 

5,82,471 

215-8 

Average 

2,107 

4,44,937 1 

! 21V2 


* No transfrontier returns available. 


As they stand the production and export returns practically 
balance but the amounts crossing the land frontiers into China arc 
not shown for four of the years in question, so tha,t in reality the 
export figures would be considerably higher than thos(i of actual 
production. It is also certain that the quantities of the stone used 
in the manufacture of jewellery in the cutting centres of Mandalay 
and Mogaung, and either absorbed in Burma or exported without 
appearing in the returns, would go to swell the figures. iVnother 
important factor with the same effect is the amount of mineral lost 
in cutting the stone before export. 

There has unquestionably been a marked decline in exports 
and the average figure of 2,107 cwts. compares very unfavourably 
with 4,628 cwts., the average not only for the previous quinquennium 
but approximately that of the three similar earlier periods. In 
the trade the decline is said to be due to troubled political conditions 
in China. The average value of the exported stone has also declined 
remarkably by about 34 per cent, from Rs. 318*8 to Rs. 211*2 per cwt. 
though it is doubtful whether these figures possess any real signi- 
ficance. 

To the Chinese the different varieties of both nei)hrite and 
jadeite and possibly other minerals of similar appearance are known 
as Yu or Yu-chi. They are emblems of virtue 
and stand high in the ranks of their precious 


Value of Jade. 
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stones. Bowcnifce, a jade-like variety of serpentine passes on the 
north-west frontier under the name of sang-i-yeshm and is fre- 
quently met with in eastern bazaars carved into drinking cups, 
trinkets and beads, Chinese dealers in Burma classify jadeite into 
many different kinds the values of which fluctuate within very 
wide limits. This is not surprising in a mineral which may possess 
any colour from pure white, tlirough all the shades of green to ameth- 
ystine, mauve, violet and light blue, yellow and orange, to various 
tints of brown, red and black. One broad distinction is made 
between aye and athalcyauk (hyauJc is Burmese for stone) ^nd to the 
former belong all the beautiful green varieties of varying degrees of 
colour, translucency and texture. The mineral has no fixed market 
value and the prices which it brings depend on the taste of the buyer 
and the state of his pocket. The most precious of all the classes in 
the ayekyauk section is known as rnyayc ; it is a uniform trans- 
lucent green which is best compared with the emerald or, in Chinese 
phraseology, with the green in a peacock’s tail. It is worth anything 
from Its. 500 to Rs. 10,000 per viss (1 lbs.). Shiveluyc 

has a lighter tint of green with brighbir spots and streaks. It is 
said to be worth from Rs. 100 to Rs. 5,000 per viss and like the 
former is used in the manufacture of expensive jewellery. Other 
varieti(‘.s of the same section include peye, a pea green ston(3 of much 
the same value as shwduye, and latye, a translucent sago green 
variety valued at Rs. 500 to Rs. 1,000 per viss. For fancy cut 
pieces of perfect specimens of some of these varieties values are 
officially stated to range between Rs. 20 and Rs. 1,500 per tola, 
(1 tola=lS0 grains). 

Turning now to the other section, or atliakyauk atJia in Burmese 
moans flesh, but it here includes all the brilliant white varieties of 
the mineral of all degrees of translucency and limpidity. The 
C/rdinary cheaper varieties include athuyo, hnawstve and athapukyi, 
which vary in value from a few annas to as many rupees per viss. 
They are used in the manufacture of cheap jewellery, pipe stems, 
plates, cups and saucers, etc. Pantha, which possesses a certain 
amount of opacity is used for decorative inlaid work. 

It is unnecessary to burden this list any further with vernacular 
terms and it only remains to state that of the unusual colours the 
shades of mauve, violet, blue and amethystine are the more valuable 
ranging from a few rupees up to Rs. 600 per viss, orange and brick 
red tints attain a maximum of Rs, 300 per viss, yellow comes next 
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Composition. 


at Rs. 200 followed by rust red which like the others starts at about 
Rs. 20 for the poorer kinds but only reaches Rs. 100 per‘iym, while 
black jadeite can be purchased for Rs. 10 to Rs. 80 per viss. In 
the compilation of this section the writer has derived much assistance 
from lists courteously furnished by Mr. C. W. Chatcr, the well- 
known authority on jade, and by the Deputy Commissioner of 
Myitkyina. 

The figures quoted certainly prove that the values of the mineral 
given per cwt., in the export returns, are fallacious. 

Two distinct minerals are included in the term jadedone or jade^ 
the true jade or nephrite, which is a variety of tremolite or actino- 
lite, a silicate of calcium and magnesium, 
Ga0*3Mg0-4Si02, and a member of the amphibole 
group ; and jadeite, a compact alkali pyroxene, Na^O-AlaOa-iSiOa, 
a silicate of sodium and aluminium. The white and greenish 
varieties of the stones are often confused and they arc both equally 
valued by the Chinese. Though tough and splintery like jade, 
jadeite is slightly harder, (considerably heavier and more easily 
fusible than the other. 

No jade (nephrite) of the kind that would bo regarded as a market- 
able stone is known in India ; but a mineral, having the essential 
composition and approaching coarse jade in physical characters, 

is known in South Mirzapur^, True jade, however, has been worked 
in the Karakash valley in South Turkestan for many centuries^. 

The only jadcstone of commercial importance within the Indian 
Empire is the jadeite that occurs in the valley of the Uru river, a 
„ . , tributary of the Chindwm, in the Moeaung 

sub-division of the Myitkyma district, Upper 
Burma. The most interesting of a number of occurrences in this 
region is at Tawmaw (25° 41' 13" ; 96° 15' 28") where alluvial 
jadeite has probably been known to occur for a very long time 
but where the mineral was first discovered in situ alxiut 50 

years ago. Accounts of the occurrences have been published by 

Dr. h\ Noetling^ in 1893, and by Dr. A. W. G. Bleeok in 1908\ A 

systematic geological survey of the region has lately been under- 
taken by Dr. H. L. Chhibber of the Geological Survey of India 


* F. B. Mallet; Rm. Oeol. Surv. Ind., V, p. 22 (1872). 

* Of. papers quoted by Mallet in Manual, Geology of India, Part IV, p. 85 (1887). 

* ifsc. Osof. 5ur«. /»d., XXVI, pp. 26-31 (1803). 

*Jbid, XXX VI, pp. 264-206 (1008). 
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and the short summary given below is based on the results of 
his work. 

The Tawmaw dyke, which is under active exploitation, and the 
three others of Meinmaw, Pangmaw and Namshamaw, all of which 
bear deserted outcrop workings, consist of albite-jadeite rock intruded 
into the northern end of a great elongated mass of partially serpen- 
tinised poridoiites which has already been traced for a distance 
of over twenty miles in an approximately N.E. S.W. direction. 
Its southerly lunits are still unknown. 

The ultrabasic rocks are themselves intrusive into a series of 
crystalline schists w'hich appear to encircle them. They * consist 
of graphite, glaucophane, vesuvianite, hornblende, clilorite, kyanitc 
and quartz- schists together wdth. igneous rocks ranging from diorites 
and gabbros to pyroxenites and perknites ; opidiorite derived from 
gabbro is the commonest type. TIkj more important varieties of 
the ultrabasic intrusives are altered dunites, mica, horublonde- and 
diallage- peridotites, pyroxenites and amphibolites. Brecciation and 
sorpentinisation is wuh^-spread and various varieties of serpentine 
such as antigoritc, marmolite and the massive dark green mineral 
occur. 

On the Tawmaw dyke arc situated the two min(*s of Uwingyi 
and Kadondwin which really consist of a series of sliafts from which 
a number of drives have been made along the dyke itself. As 
exposed in the Kadondwin at the present time, the jadeite occurs in 
tlie form of large lens(\s from 5 to 7 feet thick in the albite of the 
iootwall side. A thin layer of amphibolite often separates the 
two minerals while the enclosing rocks consist of chloritic schist and 
i)recGiated serpentine. The existing working face is about 21 feet 
across and on the hanging wall side is filled in with a breccia composed 
of amphibolite, albite and jadeite in a calcanious matrix. 

Dr. BletJck believed that the jadeitt? was formed as a result of 
the m^'tamorphism of an albite-nepheline rock but according to 
Dr. Chhibber the mineral is an original magmatic segregation 
product. 

The mines are only worked for three months during the year and 
are flooded cv(uy rainy season ; methods are crude in the extreme, 
though the use of compressed air drills and steam driven hoists has 
been introduced lakdy. 

In addition to these underground workings large quantities of 
jadeite are won in the form of alluvial boulders from coitain Tertiary 
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deposits and from the Urn bonlder conglomerate, both of which 
fringe the great serpentine mass, with its jadeite albite dykes, on 
the east. The Tertiary rocks consist of sandstones, shales and 
conglomerates and in the latter, boulders of serpentine and jadeite 
are of frequent occurrences. Most of the workings, tunnels, quarries 
and pits are grouped around Kansi (25^^ 47' I"' ; 96^^ 22' 48'"), 
Lonkin (25^ 39' ; 96° 22') and Hwehka (26° 28' 32"; 96° 16' 
43"). 

The Uru boulder conglomerate, which is often hundreds of feet 
thick and is believed to be of sub-Kecent Age, contains water- 
worn boulders of most of the metamorphic and igneous rocks of the 
district, together with serpentine and jadeite. Active workings in 
it are mostly clustered around Hpakan (25° 36' 38" ; 96° 18' 40") 
and Mamon (25° 35' 10" ; 96° 15' 67"). Jadeite boulders are also 
obtained by diving into the pools of the Uru river which they 
have reached by the ordinary processes of recent denudation. 


The following notes on the history of the jadeite industry are 
taken from the Myitkyina District Gazetteer where the interested 
, , ,, , ^ reader will find a full account of the compli- 

trade. cated admmistrative systems which have 

grown up around the industry as a heritage 
from the past. In the following paragraphs the term Jade is 
used in its generic sense, referring in the case of Burma to 
jadeite. 


According to Mr. Marry of the Chinese Consular Service, the 
discovery that green jade (jadeite) of fine quality occurs in Northern 
Burma was made accidentally by a small Yunnanese trader in the 
thirteenth century, who, to balance the load on his mule, picked up 
a piece of stone, which was later found to be jade of great value. 
For some centuries small pieces of stone found their way across 
the frontier, but it was not imtil 1784, after protracted hostilities 
between Burma and China, that a regular trade was opened between 
the two countries and then the Chinese soon discovered the position 
of the jade producing district. At the beginning of the nineteenth 
century the Burmese kings seem to have become aware of the 
importance of the jade trade and the revenue it might yield, and in 
1806, a Burmese coUectorate was established at the site of what is 
now the town of Mogaung, which became the head-quarters of the 
jade^trade in Burma, Th© Kachins, in whose country the jada 
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deposits are situated, and who were regarded as the absolute owners 
of all the jade produced, brought the mineral to Mogaung, where it 
was sold to the Chinese. When it was ready to leave Mogaung 
an ad valorem, duty of 33 J per cent, was levied and a permit issued. 
Payments were made in bar silver — at first fairly pure, but later on 
debased with lead (rupees did not come into general use until 
1874). 

The period of greatest prosperity of the jade trade was between 
1831-40, during which time at least 800 Chinese and 600 Shans 
were annually engaged in business and labour at the mines. All 
the stone went by one of the several routes to Yunnan Fn, then the 
great emporium of the jade trade, where Cantonese mercliants 
bought the rough stone and carried it to Canton to be cut and 
polished. In 1841, war broke out between Great Britain and 
China and the hostilities at Canton soon affected the jade trade, so 
that the Cantonese merchants ceased to go to Yunnan Fu to buy 
stone. Stocks accumulated and Yunuancse traders ceased visiting 
the mines. The trade passed through various vicissitudes, but it 
was not until 1861 that it really improved again. From that 
date, when the first Cantonese merchant arrived in Mandalay and 
made a fortune by buying up all the old stocks of jade, till now, the 
bulk of the stone has been carried by sea to Canton. During 
the ensuing years, the jade dues were sometimes collected in the 
orthodox way — by the Collector at Mogaung — whilst in other years 
the tax was farmed out ; but the King of Burma dissatisfied with 
the revenue thus obtained from jade, tried in some years to purchase 
all the material himself direct from the Kachins at the mines. In 
such years the Kachins, preferring the former revenue methods, 
curtailed the output and produced pieces of inferior quahty only. 
The revenue accruing to the King from the jade dues varied from 
Rs. 10,000 per annum to Rs. 50,000, being least when the King 
tried to purchase the jade himself. With the British occupation 
of Upper Burma the tax was farmed out to Leenpin, who made 
himself so unpopular by his methods of collecting the tax that he 
was murdered at Mogaung. The first British visit to the mines 
was made in 1888, by Major Adamson with a column of British 
troops. The tax of 33^ per cent, on output is still farmed out by 
Oovemment. 

Before the mineral leaves the mines certain payments have to 
he made to the local Eachin chiefs (the Eansi or Hwehkha duwas\ 
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which arc stated to be a ten per cent, ad valorem tax known as man- 
hnmanfa and a toll of Es. 2*8 on every mule load, or Re. l 'on every 
coolie load of jadeite removed. The stone is then taken to Mogaung 
AvhcTo the ad valorem royalty of 33^ per ctmt. is assessed by a valua- 
tion committee of merchants, and has to be paid before the stone 
is permitted any farther afield. The right to collect this royalty 
and another one of 5 p(U* cent, on the amber from the ITukong valley 
is still farmed out by Government. During the period under 
review the amount realised on this account was Rs. lje5,G00 p<ir 
annum, Rs. 34,400 per annum less than in the previous period. This 
system is particularly pernicious and is one which readily lends itself 
to abuses, it being to the interest of the lessee of the royalty as well 
as to that of the producer to keep the returns of production as low 
as possible, and it is probable that much material is smuggh'd avay, 
thus escaping the payment of royalty. 

Jadeite has been found in the Mawlu township of the Katha 
district. Upper Burma, and is also reported from Tibet. Jade is 
stated to occur in the corundum quarries of Pipra, Rewah State. 


Lead. 

[ 6. Veenon Hobson.] 

The history of the lead industry in India continues to be, for all 
practical purposes, the record of the exploitation of the great ore 
deposit at Bawdwin in the Northern Shan States of Burma and the 
development of the metallurgical and milling processes there. The 
current records of this enterprise open during the quinquennial 
period 1909-13 with the production of 46,000 tons of lead ; during 
the next period, 1914-18, in spite of the difficulties caused by the 
war, 73,817 tons of lead were extracted ; in the next period, 1919-23, 
the production had increased to 161,902 tons. During the period 
under review the amount of load extracted has again increased to 
297,715 tons (includes 5,101 tons of antimonial lead) valued at 
Rs. 11,24,41,670. It is satisfactory to record that with the exception 
of 1925, when there was a small drop due to mine fires, there has been 
a steady increase in production (see Table 49). The revenue derived 
from the sale of lead has not shown an increase corresponding 
to the growth of output owing to a falling price for the metal. 
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Tablb 49. — Production of Lead from Bawdmn during 1924-28. 


Average W10-:13 , 
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mined. 1 extracted. 

1 
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3,06,172 S 

2,18,23,219 j jggf 

2,83,909 ) 

2,22,74,134 7/57 1 

3,20,500 > 

2,18,94,677 

1,33,065 \ 

2,18,88,115 ( 2 Qciy gggj 

3,17,011 , ) 

1 

1 

1,863.991 [ 

2V2,614 
(a) 5,101 

''fsfo’Zf ] 

372.79S ^ 

68,623 , 2,22,16,203 \ ir,6R004 
(a) 1,020 ' 2,72,131 > 

! 


(rt) Antimonial load. ♦ (£1=R8. 13-9). f (£1 = K8. 13*3). J (£1=«R8. 13-4). 


In the neighbourhood of Bawdwin an ancient series of rhyolitic 
tufis, flows, and breccias, with coarse felspathic grits has been 
intensely crushed and dislocated by overthrust faulting. The main 
or(», chauTud is in this zone, and ascending ore-bearing solutions have 
metasomatically replaced the congenial materials in the tuffs, giving 
rise to sulphides along what is known as the Bawdwin fault. This 
fault has been traced for a length of approximately 7,000 feet 
although development and exploration work has so far covered only 
a distance of 2,600 feet along it. The work has disclosed the 
presence of two main ore bodies named respectively the Chinaman 
and the Shan lodes. The Shan lode appears to be a northward 
extension of the Chinaman lode offset to the east by the Yunnan 
fault. Eecent development work tends to confirm the idea pro- 

M 2 
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vioiisly held that there is a northward pitch to the ore. body with 
the result that the major part of the Shan lode will occur at depth. 
It is therefore confidently expected that the tonnage of ore de- 
veloped in this lode per foot of depth will be greater than in the 
past and also that the limits of payable ore will extend in depth as 
far north as the Goldhole fault, at which point the ore channel is 
cut ofE. The ore bodies are confined to the rhyolite tuffs, locally 
designated the Bawdwin tuffs. Underlying these tuffs there is a 
sedimentary bed, locally called the Yunnan bed, having an ap- 
proximate thickness of 150 feet and unfavourable for mineral de- 
position. The lower levels in the Chinaman lode are now en- 
countering this bed with the result that there is a lower yield of 
ore developed per foot of depth. Again underlying the Yunnan bed 
there are further rhyolite rocks of which the composition is re- 
ported to be favourable for mineral deposition. In the event of 
the underlying rhyolites being mineralised, as appears probable, then 
the development of ore per foot of depth in the Chinaman section 
may again rise when the Yunnan horizon has been passed. 

The Chinaman ore-body has been developed for considerably more 
than 1,000 feet and varies in width from a few feet to over 100 feet, 
maintaining on some levels an average width of 50 feet of solid 
sulphides over a distance of 1,000 feet. ‘ It is primarily a zinc- 
lead-silver ore-body with small amounts of copper along the 
edges ’ writes M. H. Loveman.^ A. B. Calhoun^ writes ‘ The ore is 
an intimate mixture of galena and sphalerite and in many places 
also of chalcopyrite, although the latter is often found in parallel 
bands alongside the former as pure unmixed chalcopyrite. The 
mixture of galena and sphalerite contains approximately 1 oz. of 
silver for every per cent, of lead.’ To quote Mr, Loveman again, 
* A cross-section through the Chinaman lode shows a central core of 
solid zinc-lead ore, with the zinc generally, but not invariably, in 
excess of the lead. On both sides of this central core are alter- 
nating bands of solid ore and mineralised tuff. These bands 
parallel the main body in strike and dip, but are not persistent 
themselves, coalescing and pinching out and in reality forming a 
sort of stockwork. These bands are generally high in lead and 
comparatively low in zinc. A slight percentage of copper is generally 

^Ric, Oeol. Surv. Ind,, Vol. XLVIII, pp. 121-78 (1917); ancj Tram. Amer. I-nst, 
Min. Eng., Vol. LVI, p. 181 (1917). 

« Ibid, Vol. LXIX, p. 211 (1923), 
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found on their edges. From both sides of these bands the 

mineralisation extends far out into the tuff, gradually merging into 
barren rock. Occasional seams and patches of ore arc found at 
considerable distances. There is no sharp boundary between 
mineralised and unmineralised country rock as a general thing, 

although this condition is approximated in a few places by fault 
planes. The extreme richness in metal content of the ore-body is 
best shown by the fact that a block roughly 800 feet long by GOO feet 
deep by 30 feet wide contains about 1,750,000 long tons with an 
average value of approximately Ag. 30 bz., Pb. 31 per cei\t., and 
Zn. 29 per cent. A theoretical block of the same size of solid 
galena and sphalerite with equal amounts of Pb. and Zn., would 
contain approximately 2,300,000 long tons. Thus the block in the 

mine is over 75 per cent, solid lead and zinc sulphides A 

gradual thinning of the ore-body takes place on approaching the 
underlying sediments. ’ 

Mr. Calhoun^ sums up his years of experience of the Chinaman 
ore-body as follows : — ‘ Taken as a whole, the southern end predomi- 
nates in zinc-lead ore ; the middle in more equal quantities of both ; 
and in the northern end the zinc is partly replaced by copper. In 
practically all sections the ore along the hanging wall is the highest 
grade, with the lead predominating over the zinc, but towards the 
centre or the foot-wall the zinc contents increase until, in many 
sections, the zinc predominates. 

‘ Still further toward the foot-wall the ore becomes lower grade 
and below what is classed as ore until it is only mineralised ; the 
lead however predominates and is often found as pure crystals of 
galena. There is no definite stoping limit towards the foot-wall 
side, except what is arbitrarily fixed as the limit of commercial ore 
(20 per cent, combined lead-zinc with whatever silver it contains). 
Later, this arbitrary value may be lowered and another 2, 000, 000 
tons of low grade ore added to the reserves. ’ The arbitrary limit 
is still maintained but at the last general meeting of the Corporation 
the working of some of the lower grade material was foreshadowed. 

The development of the Shan lode early brought to light the 
occurrence of high-grade copper ore with some silver values. As 
a consequence, during the period under review, the production of 
40 to 41 per cent, copper matte became a steady factor at Namtu. 
(See Copper). 

^ Trana, Amet, InaL Min. Sng., Vol. LVI, p. 183 (1917). 
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The loino was originally worked by the Yunnanese Chinese 

probably for hundreds of years and abandoned by them in the 
sixties of last century, when their galleries reached permanent 
underground water-level and the Mahomedan revolt in Yunnan 
rendered their tenure amongst the Kachin tribes insecure. Modern 
development commenced in 1902, after the attention of Europeans 
had been drawn to the vast heaps of lead slags left by the Chinese 
from their silver-smelting operations. In 1909, the first production 
of lead and silver from the old slags was made. Early mining 
exploitation was not encouraging but after the discovery of the 
remains of a large ore-body in the ‘ Dead Chinaman ’ tunnel in 

1912, development has been active and successful and the many 

thousands of feet of driving, cross-cutting, and rising have now 

proved the Chinaman lode to be one of the largest and richest silver- 
lead-zinc ore-bodies in the world. 

The ore-body was originally attacked by sinking the vertical 
shaft in the Bawdwin valley, but once the potential riches of the 
deposit were realized, a commencement was made in opening up at 
deeper levels, by driving Tiger Timnel from a point nearly two 
miles away. This is 653 feet below the zero-level at Bawdwin, is 
double tracked from the portal to the Marmion shaft and is 9 feet by 
8 feet inside measurement. It corresponds to the Number 6 h^vel 
of the mine and is the main haulage and drainage level. All the 
ore, as it is mined, is raised or lowered to this level and hauled out 
by electric locomotives to the tipple plant and storage bins at Tiger 
camp. As originally driven the Tiger tunnel was within the 
Chinaman ore-body at the mine end and was therefore liable to 
damage resulting from mining operations in the lode itself. A 
diversion tunnel lined with masonry was accordingly driven in the 
country rock on the east side of the Chinaman ore-body and con- 
nected up to cross-cuts in the lode so that any chance of transport 
being interrupted through movements in the ore-body in the future 
has now been removed. The above work was completed early in 
the period imder review. The replacement, in Tiger tunnel, of 
timber by masonry has also been carried out and a total distance of 
6,194^ feet has been secured in this way. 

Another most important piece of work has been the sinking of a 
large, vertical, circular shaft in the country rock on the west side of 
the Shan lode. This shaft has now been named the Marmion 
shaft. The shaft is lined with masonry and equipped with steel- 
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work for guiding cages, carrying cables and pipe linos, etc. The 
steel head-frame was erected, and a temporary winder plavied in 
position in 1924. In 1925, the shaft had been completed to No. 6 
level (Tiger tunnel level) and equipped with temporary cages. On 
the outbreak of fire that year the two internal shafts had to be 
scaled off in the lire area and the circular shaft remained the only 
means of transportation for timber and stores, and as a travelling 
way between the various levels. Tiger tunnel, and the surface. 
On the recovery of the two internal shafts from the sealed area the 
sinking of the circular shaft was continu(3d. In 1926, two electric 
winders were erected in a new steel winder-house and a farge cage 
with balance weight capable of accommodating 32 men per trip, or 
one of the large mine cars in use, was built for No. 2 winder. No. 1 
winder operates two small balanced cages. By the end of June, 
1928, the shaft had been completed with masonry and steelwork to 
a total d(q)th of 1,070 feet. Both winders were opc^rating cages to 
No. 9 h'.vel. Further sinking was in progress, without interruption 
to the normal working of the shaft. 

In view of the increasing tonnage of ore that will have to be 
raised through this shaft as time goes on, skips are to be installed to 
operate below the two small balanced cages. A self-dumping device 
for the skips is placed at the level of Tiger tunnel so that the ore 
can be discharged into hoppers from which the cars on the main 
haulage will be loaded. The self-dumping device can be put out of 
action during the hoisting and lowering of men and materials to 
and from the surface. The additional bracing and larger pulley- 
shafts and plummer blocks needed for skip-haulage have been mstalled 
in the head-frame. The skips have been built and only await the 
completion of the under-ground work before being installed. Argu- 
immts for and against different types of shafts and winding devices 
have recently been discussed by Mr. Calhoun^ in a paper on funda- 
mental hoisting problems. The two internal shafts, which are in 
the Chinaman ore-body, are used for hoisting and lowering men and 
supplies> 

The ore at Bawdwiu is so heavy and friable that it must be 
closely timbered to support any opening and the ore-body is so wide 
that it requires mining in sections. A combination square-set 
rill system of stoping has been evolved to meet the conditions, and the 

^ Sing. Min. Journ., Vol. 122, 
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mothod of timbering has been described in a recent paper- by R. S. H. 
Richards^. Waste material for filling is obtained from the surface 
and passed into the atopes through special rises. 

In 1919, the Burma Mines, Limited, which up to that time had 
been a London concern, was reorganized with its headquarters in 
Rangoon as the Burma Corporation, Limited. This corporation 
now possesses a total authorized capital of 20,000,000 shares of 
Rs. 10 each of which 13,541,689 shares have been issued. A first 
mortgage 8 j)cr cent, convertible debenture issue of £1,000,000 has 
been redeemed during the period under review. The magnitude 
of the finances involved and a study of the ore reserves given below 
will convey some impression of the size of this industry that has been 
developed in the heart of the Shan jungles, 600 miles inland from 
Rangoon and only 40 miles from the Chinese frontier. 


Table 50. - Ore reserves as on July Isty 1928. 
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» Bull. [nst. Min. Met., No. 281, Feb. 1028, Lend, aud Trana. InH. Min. Met., Vol. 
XXXVII, pp. 324-64. 
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Included in these ore reserves are approximately 360,000 tons of 
copper ore averaging about 13 per cent. Pb. ; 8 per cent. Zn. ; 7 per 
cent, Cu. ; and 18 ounces of silver to the ton. 



Fia. 11 . — Production of lead-ore and number of shifts worlced in the Bawdwin mine since 

mu 
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Wo are indebted to the Corporation for the following, note on the 
present state of the property and the progress made during 1924-28. 

J<]xtensive development has been done on both the Chinaman and 
Shan lodes with satisfactory results, inasmuch as the tonnage of ore 
reserves at the 31st of December, 1928, w^as about 4,000,000 with only 
a slight decrease in grade arising from the completed development 
of No. 7 level and the considerable development of Nos. 8 and 9 
levels. 

This work was accomplished and progressively increasing ton- 
nages of ore rained despite the incidence of fires in the mine, tlic 
first of which occurred on the 16th of December, 1924, at the bottom 
of Kise 1604 South, No. 4 level. The area affected was sealed off 
and the gases allowed to accumulate and smother the fire. Tlie 
barricades were opened on the 28th of December, and the fire was 
found to be out. Considerable damage, however, resulted from the 
collapse of stopes and drives as a consequence of the burning of 
timber supports and the flooding of the area with water. 

On the 1st of February, 1925, a second and much more disastrous 
fire occurred in the Kise 1180 South, between Nos. 3 and 4 levels. 
Tlie fire d(;velop(Hl rapidly and it was decided to erect l)arricadcs on 
all levels at about co-ordinate 1135 South to seal off the whole 
ar(‘a aff(;cted, which (ixtended to the southern limits of the China- 
man ore-body. The fire was under control by the end of Febru- 
ary and, thereafter, the extraction of ore from the unaffected 
areas was done in the best manner possible. 

Gradually, the affected areas have been reclaimed until, at the 
end of 1928, the whole of the stopes on Nos. 3, 4, 5 and 6 levels 
have been recovered, the only sealed area being that on No. 2 level 
between co-ordinates 1242 S. and 1600 S. 

The grade of the ore mined was detrimentally affected for many 
months but, gradually, that deficiency was overtaken, until, for 
some time past, increased tonnages of ore of an improved grade have' 
been mined, enabling the average monthly production for the past 
twelve months of 6,428 tons lead and 617,060 ozs. silver to l)e 
obtained. During the months immediately following the second 
fire the tonnage of copper ore mined and treated was increased 
considerably, resulting in the production of more high-grade copper 
matte, which served as a partial set-off against the reduced lead and 
silver production. 



LXIV.] 


Mineral Production of India, 1924-28. 


163 


Our mining policy upto date Las been chiefly confined to the 
development and extraction of the high-grade ores in the Chinaniiui 
and Shan ore-bodies, which occur in a well-defined ore cliaime) 
along what is known as the Bawdwin fault, which latter can be 
traced for a length of approximately 7,000 feet. 

Development and exploration work have, so far, (jovered only 
a longitudinal distance of about 2,600 feet along this fault and, whilst 
we have no knowledge of the existence of other payable deposits 
in tlie ore channel, we have recently instituted and are now vigorously 
prosecuting an exploration policy which we ho})e will prove tluit 
payable ore is not entirely confined to the areas in which we have 
worked hitherto. 

During 1928, a geological examination of the mine was made by 
Dr. Malcolm Maclareu. His visit enabled him to confirm his previous 
views that the rhyolite tuffs, locally designated Bawdwin tuffs, are 
more favourable for mineral deposition than the underlying bed of 
sedimentary rock on which they rest and that the chemical com- 
j)osition of the rhyolite rock again underlying the sedimentary bed 
is wholly favourable to ore deposition. 

So far, therefore, as established geological conditions arc con- 
cerned, Dr. Maclaren’s opinion is that development in the southern, 
or Chinaman, section of the mine has reached the horizon ut wliich 
the Yunnan bed of sediments has been encountered, anil that the 
tonnage of ore that will be exposed per foot of dej>th in it is likely to 
be much less than in the overlying Bawdwin tuffs, in which develop- 
ment in this section has hitherto been carried on. 

In the northern, or Shan, section of the mine his opinion, again as 
regards established geological conditions, is that the Bawdwin tufls 
will persist to a greater depth because of their northerly ])itch, and 
that future development in them will yield a larger tonnage of ore 
per foot of depth than in the past, and that the limits of payable 
ore will gradually extend in depth as far north as the Goldhole 
fault, i.e.y to about 1,200 feet north of the Marmion shaft which is 
500 feet beyond the most northerly point at which ore in payable 
quantities has been exposed in the levels so far developed in tliis 
section. For these reasons he considers that the Shan section 
will yield the greater tonnage of ore in the future as the Chinaman 
has in the past. 

The residt of development carried out during the year 1928 
would appear to lend support to this view for a considerably larger 
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tonnage was developed from exploratory work in the Shah than in the 
Chinaman section. 

Marmion shaft — ^the circular main shaft — ^has been sunk to a 
depth of 1,107 feet and masonry-lined to within 7 feet of the 
])ottom, or 48 feet below No. 9 level. The capacity of the air- 
compressing plant is now 9,000 cubic feet of free air at 90 lbs. 
pressure. The capacity of the concentrating mill has been increased 
to 1,000 tons per day including the provision of a flotation plant, 
wherein the average monthly production for 1928 was : — 


Coarse lead conoentrates 






Tons. 

6,791 

float lead conoentrates . 

. 

. 

> 

. 

. 

3,673 

Zinc concentrates . 

. 

. 

. 

. 

. 

6,078 


Southern Shan States. 


all of an improved grade as the result of the erection of more efficient 
metallurgical machinery. Improvements and addition made at tlie 
smelter and refinery have brought the production capacity up to 
7,000 tons of refined lead and 050,000 ozs. of silver per month. 
The marketable products liave been increased by the addition of 
copper nickel speiss, from which revenue was obtained during 1928, 
for the first time. During the year 1928, the Corporation produced 
77,143 tons of refined lead and 7,404,728 ozs. of silver, an increase 
of 73' 1 per cent, for lead and 52*8 per cent, for silver, compared 
with the respective outputs for the year 1923. 

Small quantities of lead-ore continue to bo raised in the Southern 
Shan vStates, In the vicinity of Mawson, a village lying 18 miles 
north of Heho, the terminus of the Southern 
Shan States branch of the Burma railways, 
there occur nodules of galena in yellow clay filling clefts and fissmes 
in limestone. At the Bawzaing mine in this area lead concentrates 
are produced. Over the Mawson area prospecting has continued 
coupled with the shipment of old Chinese slags, which occur in 
some quantity over this area. A typical analysis of this slag is 
quoted by Rundall^ in a recent paper on the Mawson ores. 

A small output of lead-ore was reported from the Yamethin 
district in 1925 and 1926. An occurrence of galena in limestone was 
opened up in 1908-09 by the Mt. Pima Mining 
Company in the Yamethin district, but without 
success. The production above-mentioned is probably from pro- 
specting work in the same area. 

1 TfoM, Ind^ Min, MeL , Vd. XXXVII, pp. 27-49, 


Yamethin. 



Table 51 . — Production of Lead-ore during 1924-28. 



(a) Valnc of lead extracted, Bee Table 49. 13-9). t (£l = Bs. 13-3). J (£l=Ei. 18'4). (6) Including a smaU production froui 
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The only production of lead-ore reported from- India proper 
during the period under review has been from 

Indian localiues. in Sewai Madhopur, Jaipur State. 

As a matter of academic interest it may be mentioned that two 
specimens sent in for identification to the ]a])OTatories of the Geolo- 
gical Surv'^ey proved to be pyromorpliite. This mineral had not 
previously been recorded from India and only doubtfully from 
Burma. One of the specimens was reported to have come from 
one of the feudatory states of the Central Provinces, and the other 
from Chandun in the Bhagalpur district of Bihar in which district 
lead-ores have long been known to exist. 

Galena was reported during the period under review from two 
localities in Chitral. In one case the mineral was said to occur 
at Gazan high up on the left bank of the stream draining from the 
Tui pass and in the other with azuritc (derived from copper pyrite) 
at Chapari. 

Table 61 shows the tonnage and value of lead-ore produced 
during the quinquennial period. 


Salem district. 


Magnesite. 

{ E. H, [Pascoe.] 

The Chalk hills lying between the town of Salem and the Shevaroy 
hills in Southern India derive their name from the general effect of 
the network of wliite magnesite veins, which 
are prominent over an area of about 4^ square 
miles. The occurrence was well known early in the last century, 
when Mr. J. M. Heath, then ‘ Commercial Resident ’ (Collector) 
at Sahun on behalf of the East India Company, was an energetic 
prospector. The area was described by W. King and R. Bruce 
Foote in 1864^ and the origin of the magnesite by alteration of 
dunite (olivine rock), was first noticed in 1892.“ A more complete 
account of the area with map and photograjdis was published in 
1896 by C. S. Middlemiss,® who drew special attention to the largci 
quantities of mineral easily available. The network of magnesite 
veins is seen piercing two great intrusive -masses of serpentinised 


^ Af«m. Oeol. tSvrv, Ind., IV, pp. 312-17. 

2 T. H. Holland ; Hec, Geol. Surv. Ind.^ XXV, p. 144, footnote. 
> Ibid, XXIX, p. 31 (1896). 
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ultra-basic rocks. Over an area of about 130 acres the volume of 
magnesite was estimated to be from to J of the total rock voliinu'. 
Over an area of 1,140 acres, the volume was reckoned to be from 
^th to loth. Of the quantity present in the thin veins and j^atchea 
in the rest of the area, no opinion has been expressed. The reserves 
of magnesite in the Chalk hills may be regarded as, humanly speak- 
ing, unlimited. The richest portions rise in hillocks some 140 feet 
above the level of the plains. According to Sir Thomas Holland’s 
view of the origin of this mineral, its formation is not a mere super- 
ficial phenomenon, and it may be expected to extend to considera- 
able deptlis. Dr. J. Coggin Brown^ describes the compact vein 
magnesite of India as a hard, white, brittle mineral, closely resem- 
bling unglazed porcelain and breaking with a conchoidal fracture ; 
its crystalline structure is not visible to the naked eye. 

Through the enterprise of Mr. H. G. Turner, the Magnesite 
Syndicate, Limited, was formed to dcvelo]) the deposits. A paper 
by Mr. H. H. Dains^ demonstrated the high quality of the material 
obtainabhi, the percentage of magnesium carbonate in ordinary 
samples being from 96 to 97 and in picked samples 99. The follow- 
ing analyses have been made on fair samples : — 




Blount. 

Dains. 

Patti son 

Ferguson. 



(cargo 

sample). 

1 

2 

Silica 

J t on oxido . . 

Alumina . 

Mangaiieso oxido 

Lijiio 

Magnosiimi oxido 
('arl)on dioxide . 

Water . . , 

Sulphuric acid . 
riiosphorio acid 

\ 

) 

* 

, 

• 

0-22 

0*30 

nil 

47-35 

51-44 

0-27 

i 

0-29 

0-65 

0-20 

0-83 

40-42 

50-71 

O-IG 

1-17 

014|^ 

000 

0- 7S 
40-28 
50-10 

1- 30 
0-03 
0-01 

0-31 

0- 40 

1- 10 

j 97-80 
0-00 

1-70 

0-05 

0-10 

97-40 

tra(‘cs 

TOTAL 

• 

99-58 

99-26 

90-87 

lOO-OO(a) 

99-85 

Mcigmsivm carhonute 

• 

08-79 

97-13 

96-34 

97-80 

07-40 


(a) Including 0*85 calcium carbonai-v. 

' Bull. Indian Industries and Labour, No. 3, p. 2 (1921). 

®‘The Indian Magnesite Industry.’ Journ. Soc» Chem» Iridm^lry, XXVIII, p. 603 
(1909). 
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The mineral is won by open quarrying operationei and is calcined 
on the spot to produce (a) lightly calcined or caustic magnesia, 
obtained at a temperature of about 800° C., and (6) dead-burnt, 
sintered, or shrunk magnesia, obtained by calcination at about 
1700° C. Ro\ighly speaking 2 tons of the crude ore produce a 
little less than 1 ton of caustic magnesia, while about 2^ tons are 
requisite for the manufacture of 1 ton of dead-burnt magnesia. 
The following is a statement of average analysis kindly supplied by 
the^Magnesite Syndicate, Limited^: — 


f 

Lightly 

oaloined 

magnesite. 

Crude 

magne- 

site. 

Doad- 

bumt 

magnesite. 





Per cent. 

Per cent. 

Per cent. 

Rilioa .... 




412 

2-21 


Tron oxido and Alumina 




0-33 

0-24 


Lime .... 




1*26 

O-OC 

1*02 

Magnesia 




92-46 

46-04 


Loss on ignition 

, 



1-84 

60-27 

0-15 

Moisture 


• 



0-28 

-- 





100-00 

100-00 

100-00 


The following table shows the amount of magnesia manufactured 
during 1924-28 : — 


Tons. 

1924 11,026 

1926 13.224 

1920 10.203 

1927 9,862 

1928 8,993 


Experiments made on a considerable scale on behalf of Mr. 
H. O. Turner^ showed that when highly heated in an electric furnace 
the Salem magesite yields a hard dense crystalline mass of the greatest 
refractory quality. 

Magnesite has many applications, of which its use as a refractory 
material is the most important. Carbon dioxide in the liquid 
form has not so far been recovered from the 
Salem deposits in India. The question 


Uses of magnesite. 


IS 


^ Jaurn, Iran and Steel InaU, No. \ of 1904, pp. 498-99. 
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largely one of fuel, freights and markets. Salem jb some 200 miles 
from Madras, and the transport of liquid carbon dioxide would 
involve freight both ways on heavy steel cylinders. The manufac- 
ture of solid carbon dioxide requires an ehiborate plant and con- 
siderable power. 

Of the two commercial varieties of magnesite, the caustic or 
calcined, which should contain about 94 per cent, of magnesia and 
carbon di-oxide, ‘ slacks ’ when exposed to the air. Before the 
War, practically the whole of the calcined magnesia of Salem was 
shipped to Europe for use in the preparation of ' oxyrchloride ’ 
or ‘ Sorel * cement, used in the manufacture of artificial stone, 
floorings, fire-proof partitions, abrasive wheels, tiles, etc. This 
cement is formed by mixing caustic magnesia with a solution of 
magnesium chloride and will carry up to 20 parts of sand for one 
of magnesia. Owing to the scarcity of European supplies during the 
War, large quantities of magnesite, in the years 1916-17, were 
shipped to the United Kingdom from Salem. The attached Table 52 
shows the Indian production during the period under review. The 
average annual production during 1919-23 amounted to 18,039 
tons, valued at Es. 2,15,788 ; during 1924-28 it rose to 25,717 tons 
valued at Rs. 2,90,376, with a record production in 1926 of 30,461 
tons valued at Rs. 3,54,355. 

Dead-burnt magnesia contains less than i per cent, carbon 
dioxide, and should average at least 87 or 88 per cent, of magnesium 
oxide. The Indian material is always considerably higher in grade. 
The most objectionable impurity is lime, and here again the 
Indian commodity excels. The dead-burnt form is a very inert 
material not easily affected even by extreme heat. Its main use is 
as a refractory lining for steel furnaces, and in this way the mag- 
nesite industry is closely bound up with that of iron and steel. In 
the basic open-hearth process, about 6 lbs. of magnesite are required 
for every ton of steel made. Something like 90 per cent, of the 
total output of magnesite is employed for this purpose alone in 
the United States. Refractory magnesia is also employed in lead, 
copper and other smelters. The greater proportion of magnesite 
produced is utilised in a dead-burnt form. 

Other uses for magnesite are the preparation of medicinal com- 
pounds, and the manufacture of certain varieties of vitreous por- 
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celain, of fire-resisting paints, of non-conducting materials for steam- 
pipe and boiler laggings, and of sulphite paper pulp. 

The chief competing sources of supply are Austria, the United 
States and Greece. The Austrian material, with its higher iron- 
content, makes a satisfactory lining for steel furnaces, and is, for 
this reason, in demand by the iron and steel industry. The world’s 
requirements of dead-burnt material are, in fact, met mostly by 
Austria. Greece produces more calcined magnesia than any other 
country, and supplies most of the needs of Europe. The Indian 
material approaches closer to the Grecian type than to the Austrian, 
and before and after the War the Indian expoits have been re- 
quired more for the manufacture of cements and similar products 
than for refractory linings. During the War, ferric oxide was 
added to the Indian magnesite in order to produce a dead-burnt 
commodity suitable for metallurgical purposes ; this plan deserves 
further investigation. There are immense stores of the dou])le 
chloride of potassium and magnesium known as carnallite in th(j 
saline deposits of Stassfurt in Prussia, and several processes have been 
patented for utilising the waste magnesium chloride liquor obtained 
as a by-product in the manufacture of calcium chloride. Magnesium 
oxide is also obtained from dolomite by calcination at 900® C. 
followed by lixiviation with ammonium cldorido and potassium 
chloride. 

The greatest consumer of magnesite is the United States, and a 
large percentage of the Indian exports go to that country ; 68 per 
cent, of India’s production, for instance, corresponding to 17,200 
tons of the crude mineral, were imjiorted into the States in 1926. 
The United States possess large deposits of their own in W’^asliington 
where it is dead-burnt, and much smaller deposits in California 
where the material is practically all lightly calcined. In November, 
1927, the import duty on magnesite into the United States of America 
was raised from 14 to 21 per cent., and this has naturally had its 
effect upon the Indian trade. As the world’s supplies of magnesite 
arc, from a practical point of view, far greater than the demand is 
ever likely to be, its successful development is largely a matter 
of geographical position and available markets. A demand in this 
country for artificial stono products in the forn) of flooring, tiles, 
partitions, etc., would stimulate an industry capable of large ex- 
pansion. 

Magnesite is known to occur at several other places in southern 
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ludia, always as veins traversing peridotites, for example at Ser- 
ingala in Coorg, on the Cauvery above Fras- 

Other occurrences. ® ^ . 

erpet, in other parts of the Salem district/ 

in the Trichinopoly district, and in the Hassan and Mysore districts 
of Mysore.^ In 1923, the Tata Iron and Steel Company acquired 
magnesite properties in the Mysore district with a view to produc- 
ing refractory materials for their furnaces at Sakchi. The output 
in the Mysore state amounted to 4,114 tons in 1919, 3,046 tons in 
1920 and 2,866 tons in 1921. The production declined to 866 tons 
in 1922, and 100 tons in 1923, the decrease being due to the temporary 
closing down of the mines worked by the Tata Iron and Steel Com- 
pany, Limited. These mines were re-opened during the quinquen- 
nium under report and produced in 1924 34 tons, in 1926 nil, in 
1926 1,786 tons, in 1927 2,672 tons and in 1928 1,864 tons. The 
quantities used by this firm at their Jamshedpur works were 
633 tons in 1924, 860 tons in 1926 and 648 tons in 1926 ; since then 
they have been using imported dead-burnt magnesite and magnesite 
bricks. According to Mr. A. Qhose large quantities of magnesite, 
although of inferior quality, occur in association with the steatite 
dexKisits of Muddavaram and Musila Chenivu in the Kamul district 
(see page 438). 


Manganese. 


[L. L. Fermob.] 


Progress of the Industry. 


An earlier review records the rapid development of the man- 
ganese-quarrying industry in India during the early years of tlie 
present century, the zenith being reached in 
1907 with an output of 902,291 tons of ore. 
Since 1906, the industry has maintained a position of comparative 
stability with an average annual productiion of 712,797 tons during 
the pre-war quinquennial period 1909 to 1913. In 1908, India took 
the lead amongst the world’s producers of manganese-ore, hitherto 
held by Kussia, who, however, resumed this lead in 1912 to 1916. 
The next quinquennial period, 1914-1918, coincided approximately 
with the period of the war, and was marked .by controlled and re- 


> W. King and R. B. FootA ; Mem. Omd, Surv. Ind., IV, pp. 318 — 324. 

^ A. X Rec. Mysore Oed, Dept. ITT, p. 239 ; IV, p. 178. V. S. Sambaaiva 

lyar i op. eiL, p. 61. Annual Reports of the Chief Inspootor of Mines in Mysore. 
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strioted exports, the control being due to the necessity of ensuring 
that a mineral of such importance to the iron and steel industry 
should not reach enemy countries either directly as ore or in the 
form of alloys, iron, or steel, whilst the restrictions were due to 
the well-known shortage of shipping. In spite of these adverse 
factors the Indian production during the quinquennium 1914-1918 
averaged 677,467 tons annually; but the exports for the official 
years 1914-16 to 1918-19 averaged only 491,668 tons, with a re- 
sultant accumulation in India during the period of over 300,000 
tons of stocks, after allowing for ore railed to Sakchi and Kulti 
for use in the Indian iron and steel industry, this accumulation 
being due in part to the acute shortage of shipping during 1917 
and 1918. During the post-war quinquennium, 1919-1923, the 
Indian production averaged 624,635 tons annually, whilst the ex- 
ports during the official years 1919-20 to 1923-24 averaged 681,972 
tons, the excess of exports over production indicating a reduction 
of stocks to the extent of nearly 400,000 tons during the period, 
after allowing for ore railed to Tatanagar, Kulti, and Burnpur, 
for use in the iron and steel industry of India. This increase in 
both production and exports as compared with the war period was 
not, however, due to a return to pre-war conditions, but marks 
the balance of beneficial factors in favour of India. 

During the quinquennium 1924-28, the Indian production has 
averaged 953,039 tons, whilst the exports during the years 1921-26 
to 1928-29 have averaged 769,104 tons, with a resultant accumula- 
tion of over 780,000 tons of stocks, after allowing for consumption 
by the Indian iron and steel industries. Nevertheless, both pro- 
duction and exports were much in excess of the figures for the jjre- 
vious quinquennium, and these increases, in spite of increasing 
competition with 8UX)plies from other countries, must be taken as 
a measure of a world’s iron and steel industry expanding with a 
return to relatively normal conditions. 

In the previous review, each year of the quinquennium wtis 
discussed separately. For the quinquennium now under review 
this is unnecessary, because, with a gradual return to relatively 
normal conditions, the factors affecting the prosperity of the man- 
ganese industry have, on the whole, varied continuously in one 
direction. During the quinquennium the world’s output of pig iron 
and ferro-alloys has increased continuously from 66-8 million tons 
in 1924, to 86* 8 million tons in 1928 : the output of steel has in- 
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oreaseci from 75*0 million tons in 1924, to 108*2 millioii tons in 1928 : 
whilst the world’s output of manganese-ore has ineteased from 
2,109,354 tons in 1924, to 3,323,442 tons in 1927, with a decrease to 
about 2,925,000 tons in 1928, the Indian output at the same time 
increasing from 803,006 tons in 1924, to 1,129,353 tons in 1927, and 
falling to 978,449 tons in 1928. The world’s data for 1928 are not 
yet fully available, but the estimated total given above is sufficiently 
close to the truth to show that in 1928 there must have been a small 
decline parallel with the fall in the Indian manganese-ore output for 
1928. Since the rate of increase in the world’s manganese-ore 
production from 1924 to 1927 was much greater than the rate of 
increase in the world’s production of pig iron and steel, it is not 
surprising that the quinquennium showed a steady fall in the market 
price of manganese-ore c.i.f. U. K. ports from 22*9 pence per unit 
in 1924, to 17*0 pence in 1928. There was also a continuous fall 
in the average freight rates per ton of manganese-ore from Calcutta 
and Bombay to United Kingdom ports from £1 2s. 8rf. in 1924, to 
£0 17s. 6d. in 1928, so that the average f.o.b. price Indian ports 
fell from 16*9 pence to 12*8 pence per unit for the same years. 
The increase in the manganese output was not proportionately as 
great as that of the world as a whole, so that the Indian proportion 
of the total fell from 44 per cent, in the previous quinquennium to 
a figure varying between 33 and 37 per cent, in the quenquenniiiin 
under review. Moreover, in spite of the large increase in actual 
production, as distinguished from proportionate production, there 
was an actual decrease in the amount of ore exported from India, 
amoimting to some 286,uuu tons, as compared with the previous 
quinq lennium. The position was not complicated by such large 
variations in the exchange value of the rupee as marked the pre- 
vious quinquennium, the range being from la. in 1924, to la. 

in 1926, since when the annual average exchange value of 
the rupee has remained slightly below la. 6d. The data discussed 
above are summarised in Table 53. 

la the previous review, after discussing the equivalent data, 
it was noted that the quinquennial period closed with great acti- 
vity prevalent with many deposits of lower grade ore being worked 
at a profit after a period of stagnation. The reverse applies to the 
quinquennial period now under review ; for with falling prices and 
world over-production the period ended with decreasing business 
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iind dooroaaiug profit for Indian producers, leading to curtailment 
of production, and a search for means of reducing costs, which has 
already led to requests for reduced railway freights from the mines 
to the ports. 

Of foreign producers, Russia occupied the leading position up to 
1907, and in 1912 and 1913 : but subsequently the circumstances of 
war and, later, internal troubles caused tlio practical stoppage of 
tlie industry, so that production fell from 1,234,900 tons in 1913, 
to 50,200 tons in 1919, since when the industry has been slowly 
recovering, so that 407,401 tons were exported from Russia, in- 
cluding Georgia, during 1923. In 1925, the Soviet Government 
grant(id a, 20 years’ concession over the Georgian manganese-ore 
deposits to Messrs. W. A. llarriman &; Co. of New York. The 
agrcMuncnt stipulated for expenditure by the lessees on the improve- 
ment of th(} mines, railways and ports, a payment of royalty 
of $3 per ton, and the shipment of 600,000 tons of manganese- 
or({ a year from Poti. The royalty was subsequently reduced to 
a miiiimum of $1‘50 per ton, with a sliding scale based on 
world prices and ocaian freight rates, and a limit was placiid on 
the output of the Nikopol mines. In 1928, the Harriman Group, 
operating under the name of the Georgian Manganese Co., with- 
drew, the Soviet Government giving bonds in repayment of 
money invested by the Americans, and as far as is known at 
present, it is the intention of the Soviet Governmtmt to retaui 
and operate the mines. The failure of the American enterprise 
has been variously ascribed to the faU in manganese ])rices, high 
royalties, labour difficulties, and competition from the Nikopol 
district. As a result of the improve.ment of transj)ort facilities and 
in the methods of work, including the installation of up-to-date wash- 
ing plants introducexl by the Americans, the output from Russia 
and Georgia rose from 420,084 tons in 1924, to 1,012,362 tons in 
1926, since when production has falhm to 830,516 tons in 1927, and 
722,811 tons in 1928. These figures are in terms of washed ore, 
except ’ for the small production from the Urals, which is crude 
ore. 

The disappearance of Russia from allied markets d\iring the 
war was not of very serious moment to the Allies, as it coincided 
with the isolation of one of the chief consumers of the world’s supplies 
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of manganose-ore, namely Germany, who before the war imported 
large quantities from both India and Russia. Such shortage as 
resulted was felt chiefly in the United States, owing partly to the 
difficulty of arranging shipping from India, and led to a great develop- 
ment in the manganese industry of Brazil, which, as will be seen 
from fig. 13, rose from third to second place amongst the world’s 
producers, concurrently with India’s resumption of first place. The 
exports of Brazil were taken almost entirely by the United States, 
not only to replace former imports from Russia and India, but 
also to balance a great reduction in the imports of ferro-fnanga- 
neso. On account, however, of the great increase in the activity 
of the American iron and steel industry for the provision of miuii- 
tions of war, supplies of manganese-ore were still inadequate, with 
the result that all known occurrences of manganese-ore in the United 
States of America were investigated, of whatever grade, so that 
the output of manganese-ores containing 40 per cent, manganese 
or over rose from 2,635 tons in 1914, to 129,405 tons in 1917, and 
of ores containing over 36 per cent, manganese to 306,869 tons in 
1918. At the same time the output in the United States of America 
of ores carrying less than the above percentages of manganese 
rose from 98,265 long tons in 1914, to 1,170,462 long tons in 1918. 
To allow for the use of these lower grade ores not only was the 
composition of standard ferro-manganese in the States reduced 
from 80 per cent, to 70 per cent, manganese, but many American 
smelters had to adapt their practice to the use of spiegeleison in 
place of ferro-manganese. 

In the review for 1914-1918 it was suggested that the great 
increase in the American manganese industry would not prove to 
bo permanent as it had taken place under the stimulus of restricted 
supplies and high prices. This, in fact, proved to be the case, and 
by 1922, the output of ore carrying 36 per cent, of manganese or 
over fell to 13,404 tons. During the present quinquennium, how- 
ever, the American production has averaged 58,496 tons amiually, 
with a peak production of 98,324 tons in 1926. This increased 
production is largely obtained from the State of Montana, partly 
in the form of carbonate ore and partly as oxide of chemical quality. 
Nearly all the manganese-ore won in the United States of America 
during the war was produced at a loss, which Congress decided 
to rnalfft good from the War Minerals Relief Department. To aid 
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the Amerieaii nian^aueso industry, Congress izi 1922, imposed special 
import duties on manganese-ore and fcrro-mangaiiese. ^lie duty on 
maiiganeso-ore is 1 cent per pound of metallic manganese for ores 
(containing over 150 per cent, manganese contents. This gives the 
heavy duty of $ 11- 12 per ton on 50 per cent. ore. Indian producers 
need not, however, be alarmed at this imposition, for the careful 
report by a sub-committee specially appointed by the Mining and 
Metallurgical Society of America shows that America has only 
1,400,000 tons of high-grade ore (41*30 per cent, of manganese), 
and, ki fa(5t, it is suggested that the only effect of this tariff will 
b(i increased costa to the American steel industry of 6 million 
to 10 million dollars annually. A small portion of the increased 
production from 1923 to 1928 may be attributed to the effects of 
the tariff. The major portion is, however, due to the output of 
carbonates ores and chemical ores from Montana already referred to. 
These ores are of high enough grade to be produced even without 
the aid of the tariff. 

As was anticipated in the review for 191 4-1 91 8, there was not, 
on the termination of tlie War, a parallel set-back to the Brazilian 
manganese industry, which has remained on a })erman(mtly increased 
scale, and consequently a portion of the post-war imports of Bra- 
zilian ore into America has been at the expense of India. The aver- 
age annual exports of Indhin ore to the United States of America 
before the war was 123,060 tons over a 10-year period : the average 
exports during the war quinquennium was 49,923 tons, whilst 
during the post-war quinquennium they recovered to 65,505 tons, 
and during the quinquennium under review to 73,959 tons. With 
the growth of the American steel industry, it might have been anti- 
cipiited that India would again secure the same volume of exports 
to the United States ; but, with the entry of the Gold Coast into the 
iirdustry and the stops being taken to develop a large nianganc^se 
industry in South Africa, as well as the Soviet methods of working 
manganese in Russia, this now seems less likely. 

Although the Indian manganese industry has reached a posi- 
tion of comparative stability, it is of course ^ subject to variations 
in prosperity, as is illustrated graphically by the fluctuations in 
procluction recorded in fig. 6, page 21. On comparing this diagram 
with the curves of the world’s production of pig-iron and steel shown 
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in figure 12^, it is seen that the variations in tlie activity of the Indian 
manganese industry are to be correlated with variations in the 
activity of the iroji and steel industry. In the previous review 
it was pointed out that the maxima of manganese-ore production 
coincide with maxima of steel x^roduction, whilst the minima lag 
one year behind. This lag means, of course, overproduction during 
years of lessened demand, with resultant accumulation of stocks. The 
rule was not, however, followed in 1919, for difficulty in securing 
sufficient ocean shipping caused the , minimum of production of 
manganese-ore to x^T‘«<icde in 1918, the minimum of production of 
steel of 1919. The rule was, however, again complied with at the 
next minimum when the steel minimum occurred in 1921, and the 
Indian manganese minimum in 1922. Jn 1927, the Indian manganese 
maxim\im instead of coinciding with the steel maximum for the 
same year has been followed by an increased Rte(d production in 
1928, which, in view of the recent slump in the United States, will 
probably prove to be a maximum. 

The varying demands of the steel trade make their effecd. felt 
on the manganese industry in part through corresponding varia- 
tions in the price of manganese-ore, and it is interesting therefore 
to compare the curves of the workVs ])roduetion of iron and steel 
forming the lower part of figure 12 with the curv(‘S showing the price 
of manganese-ore forming the upper of the same figure. Tin*, 
two sets of curves have a tendency to move in close sympathy, 
but the very sharx) curve of x>riees since 1911, and the 

sudden fall in 1921-22, indicates the introdindion of another factor 
into the problem besides the activity of the steel trade. This factor 
is, of course, the excessively high freights tin t prevailed during tlnj 
war and for two years after on account of the shortage*, of sliipj)iiig. 
The conseexuence is that the rapid rise in the curve of market xuice*, 
of mauganese-orc cannot be taken as thci measure of a correspond- 
ing increase in the profits accruing to the nninganose industry of 
India. The sharp rise in 1923, coming to a peak in 1924, is, 

* Tho crossing of tho curves for pig-iron and stiwl in 1914 is not an orror, but is due 
to the increasing quantity of steel scraj) that is used in the maiiiifacturo of steel. TIh> 
curves indicate that some decatles wore requirotl for the accjiim elation in th(» world of a 
suflicient cajutal stock of stool for the wastage therefrom, when returned to tho smelters, 
to produce the eflFect shown. Tho curves were due to cross in any cose in 1914, but 
the war with its accompanying greatly increased wastage has accentualtHl the ditl’erence. 
The curves indicate also that the extra wastage of metals due to war is not as groat as 
at first seems to be the case, owing to tho ability of modern industry to utilute scrap 
metal. 



180 Hecords of the Geological Survey of India. [ VoL. 

however, practically independent of freight charges. Prom 1924 
onwards, the curves of market price of manganese-ore ' and pro- 
duction of steel have moved in opposite directions due to over- 
production of manganese-ore, relative even to the increased demand 
from the steel industry. 

In Table 64 is given a statement of the prices of first-grade 
manganese-ore c.i.f. United Kingdom ports during the quinquennium. 

The quotations have been taken from the 

Prices ^ 

• ‘ Mining Magazine. The mean prices shown in 

the third column have been obtained by averaging the quotations 
for the twelve months of each year. In figure 12 these prices are 
compared with the world’s production of pig-iron and steel.^ 

As already noticed the steep rise in the curve of prices during 
1915 to 1917, and the sharp fall in 1920 and 1921, are largely due to 
enhanced freights during the war period : consequently, in order 
to discover the extent to which the Indian manganese industry may 
have benefited by the increased prices it is necessary to eliminate 
the portions representing freight and reduce to f.o.b, prices. This 
is desirable also, because, for the same reason, it was found neces- 
sary during the war to base the sliding scale of royalties applied 
in the Central Provinces and Bombay on f.o.b. prices instead of 
the c.i.f. prices formerly used. The following table gives the neces- 
sary data and reveals that although the price of manganese-ore 
during the war c.i.f. at United Kingdom ports increased by some 
100 to 320 per cent., the effective increase to the manganese industry 
of India was only some 60 to 100 per cent. 

Subsequent to the war, however, prices rose in 1920, to a still 
higher level than at any time during the war in spite of a consider- 
able fall in ocean freights. The result was that exports of man- 
ganese-ore during 1920-21, amounted to more than double the 
tonnage exported during 1919-20, yielding a very substantial profit to 
the Indian manganese industry, in spite of the high rupee-sterling 
exchange rates prevailing in 1920. 

* Strictly spoaking the portion of the above curves reprofienting the war period should 
give the world’s production exclusive of those countries — Austria, Hungary, Belgium, 
Germany, and Bupfia— -that were isolated from the world’s markets. Such reduced 
ftgurefl give curves very similar to those aotually shown, but faulted for the period 1914 
to 1918 to a i>o8iiiou about 20 million tons lower in the diagram. 
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Table 54. — Variation in the price of first-grade Manganese-ore c,if. 

at United Kingdom ports. 


January 1924 
July 1924 
January 1925 
July 1926 
January 1926 
July 1926 
January 1927 
July 1927 
January 1928 
July 1928 
January 1929 
July 1929 
January 19.30 


Date 

m ponoe. 


22 —23 1 

23 S 

211—22 1 

21 ) 

21 \ 

*171—18 i 

19J— 20 ) 

17 ) 

161—181 ^ 

16 —18 } 

16 \ 

14 J 

131 


Moan price for 
year in ponce. 

22-9 

21-6 

18-4 

l8l 

170 

140 



Fm. \2,’—Vari<Uwn in (he prices of Manganese-ore at United Kingdom ports since 
1890, compared with the world's prodncliofn of Pig-iron and SteeL 


ENC 
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Tablis: 55 . — Comparison of ocean freights with and^ fo,b, prices 

of Indian Manganese-ore, 



Average 
freights 
per ton 
from 
Calcutta 
and 

Bombay 
to U.K. 
ports. 

Average 
pi'ice of 
Ist grade 
ore per 
unit c.i.f. 
U.K. 
ports. 

Value 
per ton 
50% ore 
c.i.f. 

U.K. ports. 

Value 
per ton 
f.o.b. 
Indian 
ports.^ 

Corre- 
sponding 
price 
per unit 
f.o.b 
Indian 
ports. 






£ fl. d. 

P&nce, 

£ 

8, 

d. 

£ 

a. d. 

Pence. 

1914. 





0 17 9 

1017 

2 

2 

H 

1 

3 4 

6*76 

I9ir>. 





2 1 6 

2017 

4 

4 

oi 

2 

0 oi 

9-6 

i9ie. 





4 1 8 

30-7 

6 

7 

11 

2 

3 9 

10-5 

1917. 





5 11 8 

37*7 

7 

17 

1 

2 

2 11 

10-3 

1918. 





6 .3 0| 

42*5 

8 

17 

1 

2 

11 H 

12*37 

1919. 





3 11 0 

29-6 

6 

3 

4 

2 

9 10 

11*96 

1920. 





4 9 4 

46-5 

9 

9 

7 

4 

17 9 

23*46 

1921. 





1 6 0 

17-6 

3 

13 

4 

2 

6 10 

1100 

1922. 





0 19 2 

13-9 

2 

17 

11 

1 

16 3 

8*70 

1923. 





1 1 4 

21-2 

4 

8 

4 

3 

4 6 

15*48 

1924. 





1 2 8 

22-9 

4 

15 

6 

3 

10 3 

16*86 

1925. 




f 

1 0 11 

21-6 

4 

10 

0 

3 

6 7 


1926. 




• 

1 0 3 

18-4 

3 

16 

8 

2 

13 n 

BUS 

1927. 





0 19 5 

181 

3 

16 

5 

2 

13 G 

HBl 

1928. 





0 17 6 

170 

3 

10 

10 

2 

10 11 



* Obtainod by deducting from c i.f. values not only ocean freights, but also desti- 
nation charges taken at 2-9. 6(f. per ton. 


During the quinquennium now under review, the freights have 
fallen to pre-war values, and, in consequence, as the c.i.f. prices of 
manganese-ore, though steadily falling, were even by 1928 still con- 
siderably in excess of the average pre-war values, the f.o.b. prices 
were also substantially in excess of pre-war figures. On page 192 it 
is shown that the post-war lower governing price of manganese is 
likely to be 13 pence. On the basis of a freight of 17s, Cd. and ore 
contabiing 50 per cent, manganese the corresponding f.o.b. lower 
governing price would be 4'2d. lower or 8-8d. The extent to which 
the f.o.b. price in 1928, was still above this figure may be taken 
as a measure of the profit then obtainable by the industry. A fall 
in the c.i.f. price from 17 pence to 13 pence, or of the f.o.b. price 
from 12*8 to 8*8d. would extinguish the profit for many 
producers. 
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During the period now under review the following limited liability 
companies were at work. Most of them were formed during the years 
. 1005 to 1907 ; but the Vizianagram Mining 

Co. was floated in 1895, and the Tirody Man- 
ganese Ore Co. in 1928. 

Bombay — 

1. The Shivrajpur Syndicate. 

2. The Bamankua Manganese Company. 

Central Provinces — 

1. The Central India Mining Company. 

2. The Indian Manganese Company. 

3. The Central Provinces Manganese Ore Com])any (name 

changed from Central Provinces Prospecting Syndicate 
in 1924). 

4. The Netra Manganese Company. 

5. The Tirody Manganese Ore Co. (acquired the propert^ies of 

D. Laxminarayan in 1926). 

Madras — 

1. Vizianagram Mining Company. 

2. The General Sandur Mining Company. 

Mysore- * 

1, The United Steel Companies (formerly the? Workington Iron 

and Steel Company), 

2. The Peninsular Minerals Co. of Mysore. 

Other prominent workers during this quinquennium have be<m 
The Carnegie Steel Company : Central Provinces. 

The Tata Iron and Steel Conxpany : Central Provinces. 

B. P. Byramjce & Company : Central Provinces. 

D. Laxminarayan : Central Provinces. 

Nagj)ur Manganese Mining Syndicate : Ceuitral Provinces. 

.Hai Bahadur Bansilal Abirchand Mining Syjidicate : CVjitral 
Provinces. 

Tlie New Gangpur Mining Syndicate : Bihar and Orissa. 

Bird arid Company : Bihar and Orissa. 

Table 56 shows the production from each district, state and 
province during the past five years, and fig. 5 on page 21 shows 
Production progress of the industry since its begin- 

ning. From this it will be seen that the Central 


Production. 


ProAnnees is by far the most important province as a producer of 
manganese. The figures in this table represent, except in a few 
cases, quantities of ore won or raised, and not of ore railed. 
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Tabli! 66. — Production of Manganese-ore in India 



i 




Bihab AHD OBISSA. 

‘ . ' 




Oongpur. 

Eeonlhar. 

Bambalpar. 

Blnghbhnni. 

Total. 


Tbna. 


Tone 



Tons. 


Tone. 


1 

Tone. 

l9tA . 

16,481 


20,808 




797 


86.081 

1926 . 

9;617 


26,830 


708 


105 


36,846 

1926 . 

10,870 


23,810 


•• 


2,478 


86,662 

1927 > 

7. 

960 


61,116 


*• 


0,070 


69,046 

1028 . 

6.370 


72,411 


•• 


23A0O 

101.089 

TOTlTi • 

60,810 

104.460 

703 

36,634 

282,622 

Provinolftl afwaflo 

•• 

•* 


*• 

66,624 

Provt&cfal Average 
1919—28* 

•• 

•• 


•• 

20,453 





OINTRAT. PnOTIROBB. 





Balaghat. 

Bban- 

data. 

Chtalnd* 

warn. 

Jubbul- 

pore. 

Nagpur, 

Total. 

Bellary. 

Fur- 

nool. 


Tone. 

Tons. 

Tone. 


Tone. 

Tone. 


Tone. 

Tone. 

Tone. 

1924 

270,161 

74,860 

82,716 


1,850 

204,521 

584,108 

6,424 

.890 

1925^ 

262,450 

104,308 

87,109 


1,901 

210,484 

622,348 

5,410 

6 

1926. 

880,570 

152,858 

42,242 


100 

220,580 

761,866 

8,853 


1927. 

313.650 

130,211 

47,264 


181 

252,637 

743,849 

6,004 

•• 

1928. 

248,407 

80,050 

87.069 


•• 

210,509 

691,184 

5,267 


Total 

1,431,283 

551,805 

106,890 

4,082 

1,119,787 

8.302,796 

80,967 

300 

FrovInoUl average 

•• 


•• 


•• 

ee0,8B0 

•• 

•• 

PiovlDoial average 
1010—28. 

- 

•• 

•• 

•• 

•• 

505,402 

•• 
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LXIV.] Mineral Production of Indian 1924-28 . 

during the five years 1924 to 1928. 


Ohhota BftiffaiiTn Panel! 

Udepur. Belgaum. Mahnla. 



MY90RB, 1 

Cliltaldrug. 

i 

Shlinoga. ^ 

Tumkur. 

Total. 

Tons. 

Tons. 

Tons. 

Tong. 

1.560 

30,206 

2,817 

40.679 

2,404 

24,672 

2,614 

29,680 

1,609 

23,032 

2,606^ 

27,439 

4,021 

23,668 j 

3,027 

30.706 

1,907 

27,094 

1,027 

31,828 

11,677 

136,462 

13,103 

160.;»8 

•• 


- 

32,040 



Totab for whole 
of India. 


Tons. Tons. 
,670 803,006 S26,SS4 

,680 839,461 852,892 

,439 1,014.928 1,031,107 

1,706 1,129,363 1,147,423 


19,782 


21,708 


624,036 


634.62: 
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Comparing this quinquennium with the previous five years, it will 
be seen that the average annual production of manganese-ore for 
the whole of India shows a lp.rge increase from 624,635 to 953,039 
tons, which is 33-7 per cent, greater than the quinquennial average 
for the period 1909-1913, the period of previous greatest production. 
In each of the years 1926 and 1927 the production exceeded one 
million tons, that for 1927, namely 1,129,353 tons, being the largest 
production so fax recorded from India. The output of Russia, including 
Georgia, in 1913 was 1,234,900 tons ; and in 1926, 1,012,362 tons other- 
wise there are no other previous records of a year’s production of a 
million tong from any country. The previous maximum produc- 
tion recorded from India was 902,291 tons in 1907. The average 
increase recorded during the quinquennium under review over tlie 
previous quinquennium was shared by all the provinces, whilst Central 
fiulia again became a producer, though on a small scale. The average 
annual increases were in round figures 155,000 tons (30*7 per cent.) 
from the Central Provinces, 105,000 tons (531 per cent.) from Madras, 
36,000 tons (180 per cent.) from Bihar and Orissa, 16,000 tons (28 
per cent.) from Bombay, and 10,000 tons (48 per cent.) from Mysoj<*. 
The increase in the Central Provinces was shared by the districts 
of Balaghat, Bl^andara and Nagpur, but there was a small decrease 
iti the output of the Chhindwara district. The Jubbulporci distiici 
was responsible for an output of 4,032 tons during the quinquennium. 
The liuge percentage increase in the output from Madras was due 
miinly to the resumption of work in Sandur State, but there was 
also a substantial increase in the Vizagapatam .district ; whilst the 
Bellary district became a regular producer for the first time with 
an average annual production of some 6,000 tons. A small output 
(396 tons in all) was recorded from Kurnool. The largo percentage 
iiicroaso in the output of Bihar and Orissa was in part due to Gang]»ur 
State, but was mainly duo to Keonjbar State (the initial prodiiction 
was 1,068 tons in 1923), which was responsible for an output rising 
from 20,000 tons in 1924, to 72,000 tons in 1928. The production 
of Singhbhum rose also, namely, from 800 tong in 1924, to 23,000 
tons in 1928. These large increases from Keonjhar and Singhbhum 
arc tlue to the opening up by Messrs. Bird & Co. of deposits asso- 
ciated with the iron-ore deposits of those areas. The Bombay in- 
croaae is largely .due to an increase of 23,000 tons annually from the 
Panch Mahals offset by a decrease of over 11,000 tons annually 
fron^t Chhota Udepur, but helped by a small annual output from 
the Belgaum (from 1925) and North Eanara districts (from 1926). 
Manganese-ore has been produced in the past from Belgaum (1905- 
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1908 and 1910) but there has been no previous reported output 
i^A;>in North Kanara. 

The activity of the Indian manganese industry during the past 
15 yestrs, and its importance as compared with that of other countries 
can be seen from Table 57, giving the world’s 
^ production of manganese-ore for the years 1913 

to 1927, and for 1928 as far as available. The 
figures have been taken chiefly from the reports of the Imperial 
Institute and are given in long tons. 

From this table it will be seen that for some years tho^ three 
leading countries producing manganese-ore have been Brazil, India, 
^nd Russia. During the pre-war quinquennium, the output, or 
rather exports, of Brazil sank from a maximum of 249,941 long 
tons in 1910, to 120,335 tons iii 1913, the average annual exports 
being 186,172 tons. During the same period, the production of 
India fluctuated between about 050,000 and 830,000 tons, averaging 
712,797 long tons, whilst that of Russia rose almost continuously 
from 565,856 long tons in 1909, to 1,234,900 tons in 1913, with an 
annual average of 740,906 tons. 

During the war quinquennium, the output, or rather exports 
of Brazil rose from a minimum of 180,679 tons in 1914, to 524,291 
tons in 1917, the average annual exports beipg 374,222 tons. Dqring 
the same period, the production of India fluctuated between about 
450,000 and 680,000 tons, averaging 577,457 tons, whilst that of 
Russia, including Georgia, fell continuously from 1,234,900 tons 
in 1913, and 891,400 tons in 1914, to 150, QOO tons in 1918, with an 
annual average for 1914-1918 of 404,000 tons. During the Scimc 
period, the production of the United States of America rose Irom 
2,635 tons in 1914, to 3Q5,869 tons in 1918, with an annual average 
of 95,799 tons. In fact, as is shown graphically in Blate 6, the war 
led ultim^iftely an almost complete cessation , of the Russian 
nuwigancse industry, to a moderate contraction of that of India, 
and to a resultant great expansion in the production of manga- 
nese-oro in Brazil and the United States of America ; so that in 
1918, the first throe places amongst the world’s producers w'cre 
held by India, Brazil, and the United States of America, in the 
order named. During the war quinquennium largely increased out- 
puts were forthcoming from some of the other small producers^ 
of which Cuba, Italy, Japan, Spain and Sweden may be mentioned. 
In addition a multitude of new producers appeared on the scene, 
of which the Gold Coast and Egypt (Sinai) alone need be men- 
tioned. 

o 2 
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TabIiB 57. — World^s annual ^oduction of 


(Statute 


Year. 

Austria- 

Hungary. 

(a) 

1 

Brazil. 1 
(6) 

China. 

(6) 

Cuba. 

Dutch 

East 

Indies. 

Egypt. 

France, j 

Gold Coast. 

India. 

1013 . 

80,600 

i 

1 

(6) 120,336 1 

1 

11,400 

•• 


7,008 


816,047 

1014 . 

28,870 

i 

i 

(b) 180,670 I 


9,716 



6,290 


682,898 

1015 . 

33,618 

(6)284.0.32 j 


0.000 



10,168 

.. 

460,416 

1910 . 

22,310 

(6)493,044 1 

.. 

33,120 

.. 


10.633 

(b) 4,258 

646,204 

1917 . 

186,884 

(6) 524,201 i 

.. 

44,406 


.. 

11,403 

(b) 31,186 

600,618 

1918 . 

177 

(5) 887,066 1 

20 

81,066 

•• 

27.064 

9,712 

(b) 30,202 

617,953 

1910 . 

6,182 

i 

i 

(5)202,410 

2,097 

(6) 81,212 

2,868 I 

47,965 

6,003 

(b) 86,189 

687,096 

1920 . 

87,101 

(5) 446,446 

24,923 

(5) 22,103 

4,112 

73,316 

10,200 

(b) 40,970 

736,480 

1921 . 

66,866 

(6) 271,263 

26.223 

(6) 622 

2,050 

64,180 

1,892 

(b) 7.196 

679,286 

1022 . 

43,907 


18,026 

(b) 0,050 

2,278 

102,460 

680 

(b) 66,118 

474,401 1 

1023 . 

70,086 

(5) 232,041 

1 27,234 

i 

10,320 

6,160 

180,256 

6,897 

(b)189,684 

695.055 1 

1024 . 

08,382 

(6) 160,670 

1 

1 

87,023 

24,903 

8,346 

fl47,780 

4,020 

(b)265,848 

603,006 

1076 . 

106,063 

821,386 

42,677 

23,876 

(b) 9,806 

70.816 

8,080 

(6)367,165 

889,461 

1720 . 

127,662 

256,420 

41,789 

(b) 24,256 

11,766 

119,943 

4,620 

398.661 

1,014,028 

1027 . 

168,040 

260,174 

45,617 

(6)127,704 

14,727 

160,431 

2,667 

403,187 

1,129,353 

1028 . 

161,240 

814.774 

42,646 

' (() 26,000 

1 

(7) 10,000 

185,380 

3,050 

876,918 

078,449 


(fl) Figures fop 1913 to 1916 Include Bosnia and Herzegovina : for 1916 Bosnia and Hewegovlna only : for 
1917 excindo Austria: for 1918, 1919, are for Austria only : lor 1920, for Austria and Czeoho-Slovakla : for 1921, 
1922, 1023, 1924, 1027, are lor Austria, Czedio-Slovakla and Jugoslavia : for 1026, 1026, for Austria, Czecho* 
Slovakia, Jugoslavia and Hungary. 

(6) Exports. 

(e) Georgia only. 

(d) Years ended 80th Beptomber. 

(e) Inchides Pananui. 10,408 tons. 

(/) Includes Costa Rica, 7,163 tons and Argentina, 6,600 tons; 

(g) Includes Costa Rica, 0.680 tons and Australia, 8,891 tons. 
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Italy. 

Japan. 

Bumania. 

Busfiia 

and 

Georgia. 

Spain. 

Sweden. 

United 

King- 

dom. 

United 

States. 

Other 

Countlres. 

World's 

ToUl. 

Fertcntago 
of total 
produced in 
India. 

1,600 

17,765 

•• 

1,234,000 

21,247 

8,037 

6,803 

4,048 

1,822 

2,284,208 

86*7 

1,022 

10,803 


801,400 

12,044 

8,684 

8,437 

2,686 

601 

1,841, 

871 

12,376 

25,470 


628,000 

14,006 

7,485 

4,040 

0,613 

8,770 

1/08,470 

82‘3 

17,856 

48,647 


(c) 247,000 

13,050 

8.761 

6.140 

81,474 

(0) 20,764 

1,613,060 

40-0 

24,138 

60,670 


(c) 201,380 

66,660 

10,654 

0,042 

120,406 

(/) 32,078 

3,868,640 

31-7 

31,383 

60.100 


(o) 160,000 

70,406 

16,804 

17,460 

805,800 

(0) 48,862 

1,761,098 

296 

30,346 

22,623 

6,604 

60,200 

66,614 

12,081 

12,078 

65,822 

(A) 81,331 

1.108,918 

4G-2 

35,677 

6,380 

8,316 

06,403 

20,914 

14,080 

12,876 

04,420 

(i) 40,821 

1,718,680 

42-8 

6,026 

8,821 

2,086 

(0) 28,364 

10,775 

6,145 

614 

13,681 

20,748 

1,190,490 

60'6 

4,619 

4,371 

6,306 

(0) 102,661 

26,040 

4,438 

250 

13,404 

8,204 

],311,8e0 

86-2 

0,461 

6,400 ^ 

12,810 

(0) 237,014 


4,064 

2,021 

81,500 

(i) 24,011 

1.680.484 

41-4 

11,002 

7,403 

6,878 

(d) 420,084 


10,706 

2,467 

66,616 

(0 30,066 

2.109,864 

88*1 

14,747 

11,860 

6,288 

(d) 666,020 

35,502 

10,768 

820 

08,824 

(m)30,836 

2,667,447 

310 

18,789 

14,960 

8,221 

(d)l,012,362 

44,237 

16,017 

128 

46,258 

(n) 29,607 

8,184,882 

810 

0,601 

27,126 

10,206 

(d) 830,510 

36,268 

16,667 

1,600 

44,741 

(o) 46,000 

8,828,442 

83 9 

10,112 

17,414 

30,778 

(r) 722,814 

13,468 

16,641 

236 

46,636 |(P) 10,000 

1 

2,923,424 

83-4 


I? 

1 


Inolndes Germany. 10,800 tons and Costa Bica, 7.726 tons. 

Inclndes Cblle, 11,440 tons. 

Includes Germany, 10,080 tons. 

Includes Portugal. 6/64 tons. 

Indudes Chile, 10,887 tons * . 

Includes CbUe, 10,478 tons, and Greece,6,248 tons 

Includes Turkey, 11,210 tons, Greece, 7,066 tons and CbUe, 7,667 tons. 

Largely estimated. 

Estimated. 

Exdudes Urals. 
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Diirbg the succeeding quinquennium (19194923), 'the ‘Indian 
production recovered to an average of 024,635 tons, the Brazilian 
exports fell somewhat to an average of 297,479 tons, whilst the 
Russian exports averaged some 170,000 tons, probably liirgely 
from stUcks. Ihirilng the salne qiimquenniutn, the oiltpiit of the 
linitfcd States of America reverted nearly to the pre-War level, as 
did that of many other countries, but the production of Egypt 
rose to 130,256 tons in 1923, and that of the Gold Coast to 139,634 
tons 'in the same y(*ar, these two coim tries then ranking as the 5th 
and 41 h producers respectively. China also became a small regular 
producer. 

In the quinquennium under revievr the Indium production rose 
to an average of 953,039 tons, a figure sortie 60 per cent, higher than 
the quinquennial average of 19094913;- the Brazilian average fell 
still furthh* to 263,675 tons, while the Russian (including OeorgidU) 
production rose to 730,279 tons, a figure still below^ the average 
for the pre‘\^ar quinquennium 19to-19]3 (768,269 tons); the average 
annual production of the Gold Coast rose to 362,232 tons, making 
it the fourth largest producer of ‘ manganese-ore, whilst the produc- 
tion of Egypt, the fifth largest producer, averaged 126,560 tons. 
The totals shown under Austria-Hungaiy in Table 67 include the 
output of Austria, Czccho-Slovakia, Hungary, and Jugo-Slavia, of 
which that of Czccho -Slovakia is becoming annually more imporiant, 
rising from 41,377 tons in 1923, to 106,664 tons in 1927, and 97,867 
tons in 1928. The Egyptian deposits are in Sinai, only 10 to 15 
miles from ^ the port of Abu Zenima, and the total reserves are 
estimated at 11,848,000 tons, averaging 32-3 per cent, manganese 
and 26 per ’cent, iron, the ore being a ferruginous manganese-ore. 
The ore from the Gold Coast is in part first-grade manganese-ore 
showing 61 to 52 per cent, manganese, and, as such, itehters into 
competition with the Indian ore. 

Another country that is likely to compete serioti%’‘Wlth lAflia 
in the future is South Africa, w^here large deporits of^ flrst-gl'ade 
manganese-ore have been discovered near Postma'abikg’ in Griqtia- 
land West, a portion' bf the’ Cape ' PtOVince. 'The ‘deposits ObOUr 
in two ranges — the Gamagara and Klipfontein ranges— and in'HJbe 
western or Gamagara range they have been followed almost conti- 
nuously for 30 miles, and there is no doubt that the tonnages of 
ore available are enormous. The ore is hard and compact like that 
of the Central Provinces of India, and chemically much of it is said 
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to bo of first-grade quality. It is intended to select the ore to give 
a product averaging 52 per cent, manganese, 6 pdr e^rit. iton, 5 
per cent, silica and phosphorus up to 0*1 per cent. To connect 
Postmasburg with the existing railway system of South Africa, 

05 miles of railway are now under construction. The oie is'to be 
railed to Durban for shipment. Plans are being made by the 

principal manganese company to open up these deposits on a scdle 

sufficient to yield an output of 350,000 tons annually, to be in- 

creased substantially as mining facilities are developed and markets 
secured. Should it prove in practice possible to realise the estimates 
that have been drawn up of costs of placing the South * African 
manganese-ore c.i.f. at United Kingdom and Emopean ports, tluui 
there is no doubt that the South African manganese-ore will bc^dome 
a serious competitor ii^t^e world’s manganese market. In quality 
it would prove a serious competitor with the ore from the Central 
Provinces of India. 

It is difficult to forecast the future progress of the manganese 
industry of Russia. With the termination of the Harriinan 
concession in 1928, the Soviet Government took over the working 
of the mines, and it is reported that mining has reverted to pro- war 
methods, that mechanical cleaning plants have been largely 
abandoned in favour of hand washing, whilst payments are made 
in paper money produced at the cost of printing, so that the Soviet 
can afford to sell at any price that leaves a profit after payment 
of freight and other incidental transport charges. It seems theo- 
retically possible, therefore, that the Russian manganese industry 
will capture a continuously increasing portion of the world’s market 
for manganese-ore by causing prices to fall to a figure at w^hich it 
will be unprofitable for most other countries to continue work. 
There appear, however, to be limiting factors to the indefinite 
expansion of the Russian manganese industry. One is the methbd 
of mining, which, being again largely individual and unorganised, 
is not likely to result in an indefinite increase of output ; another is 
that the Russian ore needs washing before shipment and is iii many 
cases too small and soft to be used without admixture with harder 
lump ores of the Central Provinces (or South African) type ; a third 
must be the ultimate difficulty of maintaining uneconomic methods 
of production. Nevertheless, iii estimating the future for Indian 
manganese-ore, we must assume that the Russian industry win 
show a further, though not necessarily very great; expansion during 
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the next quinquennium, and that South Africa will enter ‘the market 
as a substantial producer. 

It may seem rash to attempt to predict the future price of manga- 
nese-ore per unit. Nevertheless, it is possible on certain assump- 
tions to indicate the future minimi nn price of manganese-ore. 
Before the War the price of manganese was subject to considerable 
fluctuations, but an inspection of figure 12 will show that the price 
of first-grade ore never fell below 9d. per unit (except momentarily). 
The reason is that this was the lower limit at which the majority 
of min(?s could work at a profit, and at this figure so many pro- 
ducers ceased work or reduced their scale of operations that the 
price could not fall lower (except momentarily). We may there- 
fore call 9rf. the pre-war lower governing price of manganese-ore. What 
is the equivalent post-war figure ? Apparently all we need is to 
select a factor representing the post-war cost of supplies and services 
as compared with pre-war cost and multiply 9d. by this figure. 
Taking the pre-war figure at 100, a good figure for the present cost of 
supplies and services is considered to be 145. 9d. multiplied by 
1*45 equals 13d. very closely, and we may take 13d. as the post- 
war lower governing price of manganese. This should fall only if 
the post-war cost of supplies and services falls. The post-war 
lower governing jDrice has already been nearly reached once, viz.^ 
in 1922, when the price fell to 13^*^ pence per unit with an average 
for the year of 13-9 pence. The effect of these low prices was seen 
in the low output for 1921-22 (the fall of price began in 1921) with 
a resultant rebound of both prices and output in 1923. Prices 
are now again approaching the minimum (they are nominally 
14d. at the time of writing). 

It cannot be regarded as certain, however, that future prices 
will not fall below 13d. One reason is that Kussian ore can be 
produced below this figure owing to the non-economic payment of 
labour by Soviet Russia. The other is that the promoters of the 
South African manganese industry anticipated being able to produce 
at a profit below this figure. The extent to which South African 
anticipations prove realisable in practice, combined with the extent 
to which Russian methods of i^ance can persist, will determine 
the extent to which the prices of manganese can fall below what 
would otherwise be its natural minimum, viz., 13d. A further 
fall in the cost of supplies and services would, of course, permit a 
fall in this natural minimum price. 
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With the appearance at intervals of new producers it is of in- 
terest to trace the extent to which India has maintained her posi- 
tion. During the pre-war quinquennium, India produced 40*8 per 
cent, of the world’s average total armual production of some 1,760,000 
tons of manganese-ore ; during the war quinquennium, the Indian 
proportion fell to 34*1 per cent, out of an average total annual pro- 
duction of some 1,690,000 tons, whilst, diiring the post-vrar quin- 
quennium, the Indian proportion rose to 43*2 per cent, of the reduced 
world’s output of some 1,445,000 tons annually. During the quin- 
quennium now under review, whilst the Indian production i1)se to 
a figure never previously attained, the Indian proportion fell to 
33*5 per cent, on account of the increase? in the world’s total annual 
output to nearly 2,840,000 tons. 


In previous reviews a table has been given of the world’s pro- 
duction of manganiferous iron-ores. Data are, however, so scanty 
that in Table 58 of the present review are given 
gaXou8lro.t"ore”“"' *^0 figures for the United States only. For- 
merly, all manganiferous ores containing less 
than 40 per cent, manganese were included, but, since 1918, the 
line between manganese-ores and manganiferous iron-ores has been 
drawn at 36 per cent, manganese.^ The importance of large stores 
of manganiferous iron-ores to a coxxntry poor in manganese-ores 
projxer is shown by the case of the United States, where an insuUi- 
cicncy of importvS of manganese-ore during the war was mitigated 
by a large expansion in the output of indigenous manganiferous 
iron-ores accompanied by modifications in furnace practice where 
necessary. In the case of Germany, also, the cessation of im- 
ports of manganese-ore from Russia and India was met to a large 
extent by a greatly increased production of the manganiferous 
iron-ores of Sieger land, and it is unfortunate, therefore, that the 
relevant figures arc not available for inclusion in the above table. 
In addition to the United States of America, there is a small pro- 
duction of* manganiferous iron-ore in Spain, Algeria, Greece and 
Italy ; fui'ther, by the United States of America standards the 
Egyptian ore (see Table 57) would be classified as mangani- 
ferous ii'on-ore, as also would a very small proportion of the 
Indian ore. 


^ Soe p. 205 for a scheme of clasaificaiion of manganeae-ores* 
* H. 0. H. Carpenter ; Nature, 4-11-15 (p* 267). 
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Tabi^e 58. — United States jyroduction of Mangariiferous> Iron-ores from 

1924 to 1928. " •. * 

(Lpng Tons). 


Year. 


'.1 

Ores containing 
from 10 to 
|K»r oont. Mil. 

OrcH containing 
from 5 to 10 
per cent. Mn. ' 

Total. 

1924. 



28C,4T(t 

587,026 

873,496 

• 

1 92.^ . 


• 

267,252 

1,153,268 

1,420,520 

1926 . 

• 


.'104,.312 

835,412 

1.199,724 

1927 . 



148,291 

1,310,127 

1,458,418 

1928 . 

• 

• 

90,711 

1,085,401 

1,176.112 


|i'or comparison with the aimual ligures of production of manga- 
nese-ore in India, the export ligures during the years 1924 to 1928 
are given in Table 59 (stated separately 
Exports. port). As compared with those for 

the previous quinquennium these figures show increased exports 
from Calcutta and Marmagao and decreased exports from Bombay. 


Table 59. — Exports of Indian Manganese-ore from 1924 to 

1928. 

(Statute Tons.) 


Year. 

Vizagaimtam. 

Bombay. 

Calcutta. 



1924 

36.600 

270,024 

342,007 

108,758 

766.449 

1925 

28,a)3 

311.820 

264,170 

134,653 

89.620 

738,861 

1926 

9,800 

222,371 

291,745 

6138j536 

1927 

]3^10 

249,300 

418,173 

162,378 

843.821 

1928 

9,002 

270,901 

378,604 

176,577 

834,144 


(a) Figures exclude ore raised in Goa. 
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From Table 60, giving the total Indian production , and exports 
for tiie years 1892 to 1929, it will be seen that by i the end of 1929, 
there was an excess of production over exports of over 1| million 
tons, of which, however, 417,739 tons is accoiint(‘d for by railings 
to Tatanagar, Kulti, and Burnpur, from 1914 to date (from 1911 
for Tatanagar) after allowing for ore sold by the Tata Iron and 
Steel Co. for export;) the remainder represents stocks . accuiniiIa1(M] 
at the mines and ports and is larger by about *7 80,000 tons than the 
surplus roiiorded in the previous review ^aft(T allowing for ore railed 
to the iron works. ^This increase in stocks is due to the prodiujtion 
of each year of the quinquennium being substantially in excess of 
the exjiorts for the same year. This continuous over-production 
has acc’onipanied a continuous fall in prices. The logical result 
should 1)0 production during the present quinquennium on a smaller 
scale than exports. 


Table GO. — Comparison of Indian Mangane>se-ore production 'ivith exports, 

(Statute Tons.) 


Period. 

Oro pBoduced. 

Or« exportncl. | 

1 

Excohs of 
production over 
oxporlH. 

1892 to 1903 

929,146 

• , 

, . 

189?-93 to 1903-04 

. . 

916,386 

12,760 

1904 to 1908 

2,646,718 


. . 

1904-06 to 1908-09 


2,217,696 

328,122 

1900 to 1913 

3,603,984 

. . 

. . 

1909-10 to 1913-14 

. . 

3,471,410 

92,668 

1914 to 1918 

2,887,284 

.. 1 


1914-16 to 1918-19 

. . 

2,457,790 

420.494 

1919 to 1923 

3,123,176 


. . 

1019^20 to 1923-24 

.. 

3,409,862 

—286,fiSfi 

1024 t6 1928 

4,764,494 

. . 

. . 

1024-25 to 1928-29 

•• 

3,796,622 

. 968,972 

•Total 

17,81^,801 

10,268,572 

1,645,229 









Table 61 . — Distribution of ex'ported Indian Manganese-ore for the years 1924-25 to 1928-29 (a). 

(Statute Tons.) 
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The distribution amongst foreign countries of the manganese* 
ores exported from India during the quinquennium is shown in 
Table 61. The figures for the war quinquen- 
ma°gine»e!oreMjorts“" compared with the similar data for 

the pre-war quinquennium showed certain ab- 
normal features. The first feature was the disappearance of Bel- 
gium, Germany, Holland, and Austria-Hungary, from the importing 
countries for the period of the war : the second was the large decrease 
in the exports to France and the United States : and the third the 
largo increase in the exports to the 'United Kingdom — 1,680,796 
tons in the war quinquennium as compared with 966, 111 tons 
during the previous period. 

During the post-war quinquennium (1919-20 to 1923-24) the 
data showed a partial reversion to the pre-war figures, which has 
been maintained during the quinquennium now under review, except 
for France, which shows an abnormal increase in imports to 833,754 
tons, as compared with her pre-war figure of 484,596 tons. The 
total imports of Germany, Holland and Belgium (most of which are 
for consumption in Germany) were 1,025,872 tons against 876,536 
tons ill the pre-war period. The imports of the United States of 
America fell to 369,796 tons against 660,988 tons for the pre-war 
period, whilst those of the United Kingdom fell to 808,732 tons 
against 966,111 tons for the pre-war period. The net balance 
was a total of exports from India of 3,124,536 tons during the quin- 
quennium under review against 3,035,530 tons during the pre-war 
quinquennium. 

In Vizagapatam and Mysore an adequate supply of labour 
seems to be easily obtainable, but in the Central Provinces, Central 
India, the Sandur hills, and other parts, labour 
Labour. frequently to be imported. To relieve 

themselves of unnecessary trouble and responsibility the mine mana- 
gers find it preferable to work through contractors, paying them at 
a given rate per 1,000 cubic feet of stacked and cleaned ore, and 
for dead-work at a given rate per 1,000 cubic feet of cavity made 
in the quarry in the case of soft ‘ deads/ or per 1,000 cubic feet of 
waste measured in tubs or stacked in the case of hard ‘deads.’ 
The daily rates paid to the coolies by the contractors for an eight 
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bentta’ day vary betweoa tbse followiug^ limits in diSevsut parts of 
India* : — 

Annas. 


Men 6to& 

Women 3to6 

Children (over thirivon) 2 to 4 


But in tho Central Provinces most coolies work on piece-work 
rates, and if they work reasonably well can earn Re. 1 a day for a 
man and wife, or say. As. 10 for the man and As. 6 for the woman. 
Some men, however, earn sums considerably in excess of the above 
figure. 

The average daily number of workers during the past five years 
is shown in Table 62, the average annual figure being somewhat 
higher than in any previous quinquennium. 

In order to permit of the comparison of the maiigan(3se with 
tho coal industry as regards labour, the figures appertaining only 
to those mines that come under the revised Mines Act, 1923, are, 
given in Table 63. From these figures it is seen that the average 
number of persons employed daily on the manganese mines under 
the Act has been 28,779 for an average annual outjmt of 766,185 
tons compared with 14,134 persons and an average annual output 
of 495,255 tons of ore for the previous quinquennial period. Tlie 
number of tons of ore won annually per person employed has de- 
creased steadily from 39-4 tons during the pre-war quinquenniuiu 
to 36-6 tons during tho war quinquennium and 35*0 tons during 
the quinquennial period 1919-23. There was apparently a 
very heavy fall during the period now under review, when the 
output was only 26-6 tons per person employed. The decrease 
during tho tlireo earlier periods was due to the depletion of the 
supplies of easily-won ore so that an increasing amount of dead work 
became lUicessary every year. The large decrease during the period 
1921-29 is mainly due to the fact that under the revised Mines 
Act o[ 1924, all the small inefficiently worked quarries, which were 
previously excluded, are now included. The output of coal per 
person employed was nearly three timcjs the above figure. The 
death rate was 0-37 per 1,000 persons emjdoyed, as compared 
with 1*16 in the case of coal : these figures are lower than for tho 
period 1919-23, when the corresponding figures were 040 and l-,36 
respe(JtiveIy. At the same time the number of dcathe per million 

^ The lower rates refer to oultivators in Madras who oombina mining with agrioultnre. 
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tons won lias increased in the case of manganes6 fifoiii* 6 in 1914-18, 
to 11‘3 in 1919-23, and 13*8 in 1924-28, and in the case of ^oal Irom 
l()-7 to 13-9' and 10-1. 


Table G2.--D/>% nwnhsr of workers employed at the Mangdne^t 

Mines from 1924 to 1928, 


Ytar. 



Contral 

Tadiii. 

tV.utrnl 

ProvIiitv«i. 

]VTaf1 ras . 

MyHoro- 

TotAL. 


2.1H.I 

■i.tiT 

a.-si 

20,787 

2.727 

927 

30,426 


2,i:U 


fil.'i 

21 W 

2. its 

1,005 

31,1U 


2,i«a 


r»02 

25.206 

2,041 

1.0.86 

35,531 

l<»27 


5.7r>n 

7U 


.‘1.570 

77i 

» 38,978 

J 02H 

2,175 

1.217 

578 



516 

34,710 

Ji'eraffd 

2,‘irtt 

4JR9 

m 

kiAH 

* 

S51 

St, 162 


Table 03. — Labour statistics for Manganese mines under the revised 

Mines Act, 1923, 


Ye^ir.' 

Avorago 
number of 
|»orsoTis 
tMiiployod 
daily. 

rroduction. 

Ouipiil 
por porsuii. 

Nuinhor <»{ 
deaf/bs. 

1924 

25.088 

Tons. 

«68.3:n 

'JV»ns. 

26-6 

13 

1025 

26,189 

710,347 

27-1 

8 

1926 

30,094 

857,099 

28-5 

io 

1927 

32,927 

878,521 

26-7 

15 

192S , . . . . 

29.595 

716,626 

21*2 

7 

TOTAL . 

143.893 

3,839.924 



AveraQf^ 

28,779 

700,18!) 

26-f: 

]0-6 


The ehi(d items in the cost of placing 
an^pori^ manganese -ore oji the maikets in Europe and 

America are the following 

(1) Cost of mining (labour, tools, plant, establishment). 

(2) Cost of transport to the railway. 

(3) Cost of transport to the port of shipment. 

(4) Cost of handling at the port of shipment. 

(5) Cost of shij3ping to Euroj^e or America. 

(6) Destination charges. 
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Each of these six items — ^the first five of which vary according 
to the situation of the deposit — ^has been considered in detail in 
Memoirs, Geol. Sur, Ind.y XXXVII, Chapter XXIII, to which the 
reader is referred. In an earlier review an abstract was given 
showing the average cost of delivering c.i.f. at English and Conti- 
nental ports ore derived from several of the producing areas. These 
figures were in the main based on information collected prior to 
1910, and with the general rise in prices due to the war have ceased 
to be applicable. Revised figures for all the areas concerned 
have not been obtained, but it will be sufficient to give as an example 
the following revised figures for the Central Provinces, the most 
important producing province. 



comparing them with the figures given in the memoir referred to 
above and in the previous review, it will be seen that the average 
cost of delivering ore from the Central Provinces f.o.b. Bombay 
increased from about Rs. 14. per ton in the pre-war quinquennial 
period and about Rs. 17 during the war quinquennium to about 
Rs. 24 (£l=Rs. 15) during the post-war quinquennium and to about 
Rs. 24 (£l=Rs. 13-3) dming the quinquennium under review. 
These increases are due to increases under every item in the total, 
and in effect, taking an exchange value for the rupee of Is. fid., it 
will bo seen that the cost of delivering manganese-ore fo.b. Bombay 
has increased by about 80 per cent., as compared with pre-war 
costs with exchange at Is. id. A comparison of the figures given 
in Table 65 with the average price of first-grade manganese-ore per 
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unit during tho pro-war quinquennium fo.b, Indian ports (6*18d.) 
will show that the increased market price of manganese-ore has 
met adequately tho increased cost of production. A fall in c,i.f. 
prices from 17*0d., the average figure for 1928, to 13 pence would, 
however, extinguish the profit based on cost of production of Rs. 24 
per ton f.o.b, 

„ In British India the royalty leviable on the 

base metals is — 

* 2} per cent, on the aalo value at the pit’s mouth, or on the surfaco, of the drosacd 
oro or metal, convertible at tho option of the Local Govommont to an equivalent charge 
IH)r ton to be fixed annually for a term.* 

On account of the inconvenience and labour involved m assess- 
ing rates of royalty separately for each manganese-ore deposit and 
producer, it has for some years been customary in each area to assume 
average figures for the composition of the ore and for the costs of 
mining, transport, etc., and to apply them without distinction to 
all cases. The first sliding scale drawn up on these assumptions 
was framed by the Central Provinces administration and was based 
on c.i.f. values at United Kingdom ports : during the war period 
the high ocean freights upset the schedule and it was replaced by 
the following sliding scale based on f.o.b. values Bombay : — 


Table 64. — Royalties, in annas 'per ton, leviable on Manyanese-ore 
extracted in the Central Provinces and Bombay. 


F.o.f>. price per unit of first-grade ore. 

Royalty leviable per ton of ore. 

Pence. 

Annas. 

61 

1 

6 

U 

61 , 

n 

7 

2J 

71 

3 

8 


81 


9 

■ H 

81 

6| 

10 



The wide fluctuations in the rupee-sterling exchange during the 
post-war period rendered this schedule also inapplicable : it would 
have been easy to rectify this difficulty by basing royalties on the 
f.o.b. price stated in annas instead of pence, but on account of the 
possibility of variation of other factors, the Local Government 
decided in 1921, to abandon sliding scales altogether and to revert 
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to tho system of assessing royalty at 2} per cent, on tKo sale value 
of the ore at the pit’s mouth. This necessitates detail^ returns 
by each producer based on the actual facta of each year and forms 
suitable for the purpose have been drawn up. The royalties charged 
according to this method are shown in Table 65. The actual rates of 


Table 65. — Average royalties in annas per ton charged on Manganese- 
ore in the Central Provinces during each half year for the years 
1924 to 1928 on concessions granted after the 6th June 1921. 


• 

January to June. 

July to December. 







Annas. 

Annas, 

1924 . 

• 


• 


m 

0*1 

70 

1925 . 

• 



. 

• 

71 

C‘3 

1920 . 



* 

• 

• 

6*9 

6*7 

1927 . 

• 


. 


« 

6*7 

61 

1928 . 

• 


• 


• 

6*5 

61 


royalty charged according to the sliding scale during the quinquen- 
nium in the Central Provinces are shown in Table 66. Bombay has 
adopted the same method of assessment. 


Table 66. — Royalties actmlly levied in the Central Provinces during 

the years 1924 to 1928. 


Year. 

Boyaltieb levtfd. 

Average f.o.b. 
price for year. 

January to Juno. 

July to December. 






Annas. 

Annas. 

Pence. 

1024 . 

• 

. 


• 

12-2 

11*2 

10-9 

1926 . 

. 

. 


• 

11-2 

12*2 

16 0 

1926 . 

. 

. 



10*2 

10-2 

12-9 

1927 . 

. 

. 



0-6 

00 

13*4 

1928 . 

• 

• 

• 


7-8 

60 

12*8 
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In Bihar and Orissa royalty is levied at per cent, on pit’s 
mouth value, which has been taken as equivalent to 6 annas a ton 
during the last few years. 

In the Native States a fixed royalty irrespective of price is 
usually arranged when a prospecting license or mining lease is granted. 
The rates prevailing in certain States are as follows : — 


Table 67. — Royalty, in annas per ton, levied in certain Native States 
and Zamindari lands. 


State. 


BoyaUy. 

Jhabua State, Central India 


4 annas. 

Mysore State .... 

• • 

From Ist April 1028, 10 aimas per ton on 
all grades of ore subject to revision aftci 
2 years (a). 

Sandur State, Madras . 

, , 

6 annas. 

The Vizianagram Samasthanum, Madras . 

4 


(a) From 1920, to Octohor, 1924, tho royalty was Ro. 1-4 per ton for oros containing 
moi'cthan44 per cent, of manganese, and otherwise annas 12 per ton. From October, 
1924, licensees were, in addition, required to pay to Government not less than 25 per 
cent, of tho net profits. In March, 1926, the royalty on low grade ore was raised to annas 
6 per ton. 

From Table 54 and the diagram (fig. 12) on page 181, it will 
be seen that the price per unit of manganese, and consequently the 
price per ton of manganese-ore obtained on its 
Valuation of manga- delivery c.t./. at the port of destination, is 
subject to great variations. Up till November, 
1909, (Mining Journal) the following classification was in use ; — 

Ist grade 50 pat cent. Mn. and upwards. 

2nd 47—60 per cent. Mn. 

3rd 40—47 per cent. Mn. 

But from December, 1909, the following schedule was employed : — 

Isfc grade 60 per cent. Mn. 

2nd 48 — 60 per cent. Mn. 

3rd 46 — 48 per cent. Mn. 

and during the war quotations have been given for first-grade ore 
only. Since the war, also, quotations have been practically con- 
fined to first-grikde ore ; but of late quotations for second-grade ore 

p 2 
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have appeared at intervals, and have been usually about one or 
two pence below first-grade prices. The lower limit for first-grade ore 
has fallen to 48 per cent. Mn. 

As an example of the way in which the schedule of prices was 
applied we can take the case of a 50 per cent, ore from the Central 
Provinces in December, 1914. The average price at this time was 
11 pence per unit. The price then paid per ton for this ore would 
be 50x11 pence=£2-5-10. 

The prices given in Table 64, apply to ore delivered in the United 
Kingdom ; and for this scale to be applicable it was formerly neces- 
sary 'that the ore should not contain more than 10 per cent, of silica 
and 0*10 per cent, of phosphorus. 

Before the War, a schedule of prices was fixed periodically by the 
Carnegie Steel Company and one such schedule is quoted in a previous 
Quinquennial Review. The great rise in prices during the w'ar 
period led to the announcement in 1918, by the War Industries Board 
of a revised schedule fixing the price per unit of manganese for each 
1 per cent, rising from 36 per cent, upwards. This schedule also no 
longer applies, and manganese-ores are now quoted c.i./. docks at 
prices per unit roughly equivalent to the sterling price per unit c.i.f. 
U. K. ports The import duty is additional and amounts to 1 cent, 
per pound of metallic manganese in ores and concentrates containing 
over 30 per cent, of manganese. 

The prices noticed above are those relating to manganese-ores 
intended for use in the iron and steel industry. For ores suited 
for use in the chemical industries as oxidising 

Valuation for cheml- agents much higher prices are often obtained, 
cal puiposes. -m i i ^ x 

For chemical purposes it is not the percentage 

of manganese that is of importance, but the percentage of oxygen 

liberated on treating the ore with acid, i.e., the available oaygen. 

This is usually expressed in terms of the percentage of manganese 

peroxide, Mn02. Not only does the percentage ofIMnOj affect the 

price, but also the ease with which the oxygen is liberated. Further, 

impurities that are soluble in acid, and so cause an unnecessary 

consumption of it, are deleterious. The best minerals for chemical 

purposes are pyrolusite, psilomelane, and hollandite. For the glass 

industry the ore must be as free as possible from iron. The only 

Indian pyrolusite yet found suflSciently pure for the glass industry 

is that of Pali in the Nagpur district. A picked specimen of this 

giving 96’67 per cent, MnO, showed only 0*06 per cent. Fe^Oa. 
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It is customary to divide the ores of iron and manganese into 
iron-ores, manganiferous iron-ores, and manganese-ores. The least 
^ percentage of manganese in an iron-ore that 
ganese-ores and manga- usually paid for is said to be 5 per cent, 
niferous iron-ores. a^d with less than 6 per cent, of manganese it 

hardly seems necessary to prefix the adjective ‘ manganiferous’. 
The dividing line between manganiferous iron-ores and manganese- 
ores was formerly taken at 44 per cent, manganese (=70 per cent. 
MnOg). Later, ores with as little as 40 per cent, manganese have 
been termed manganese-ores, and those below this limit mangani- 
ferous iron-ores.^ According to this method one often sees an ore 
referred to as manganiferous iron-ore that contains much more 
manganese than iron. Such a difficulty can easily be avoided by 
creating a class for ferruginous manganese-ores. Accordingly, in 
Memoirs, Geol, Surv, Ind., XXXVII, page 600 (1909), the following 
classification was proposed. It is applicable to all ores containing 
over 60 per cent, of Mn+Fe. The term Ferruginous manganese- 
ores is now coming into general use. 


— 

Mn. per oent. 

Fe. per cent. 

Manganese-oros . 

. 


40—63 

0—10 

Ferruginous manganese-ores 

• 


26—50 

10—30 

Manganiferous iron-ores 

• 

• 

5—30 

30—65 

Iron-ores .... 

• 


0—5 1 

46—70 


On pages 601 to 509 of the work cited above a series of tables 
of analyses of Indian ores will be found. ,1 good idea of the 
quality of the ores obtained in different parts of 
Analyses of manga- India can be gleaned from the range and mean 
values of these analyses as summarised in the 
tables 71 and 72 of the review for the period 1914-18. The second of 

1 In the United States in 1918, the limiting porcontage was lowered to 35, and tho 
following olassifioation ia now used : — 

Manganese-oies 85 per oent. and over. 

Ferruginous manganese-ores • • • . 10 to 35 per cent. 

Manganiferous iron-ores 6 to 10 per oeui. 

The middle sub-division inoludes ores that would be better termed maugaoiferoas 
iron-ores. 
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these only is now repeated (Table 68), but in addition another (No. 69) 
is added representing the composition of the manganese-ores worked 
in India during the quinquennial period under review and based on 
figures for which I am indebted to the various mining companies. 
Certain difierences between the figures in these two tables merit 
comment. In the case of the Panch Mahals, the figures given in Table 
68 relate to outcrop samples taken before the deposits were opened up 
and without any selection, such as would naturally take place when 
the ores were worked ; the average quality of ore as exported is of 
much higher grade. The ores from the Central Provinces worked 
during the present period show a slight decrease in manganese 
contents, a slight increase in silica contents, and a slight increase of 
phosphorus contents, compared with the analyses summarised in 
Table 68, which relate chiefly to samples taken by myself in 1903-04. 
The ores from Sandur State as exported show roughly the same total 
manganese and iron contents, as in the earlier figures, but the iron 
contents are markedly higher at the expense of the manganese 
contents. 

In order to show the value of the Indian ores relative to those of 
certain foreign countries two tables (73 and 74) were given in the 
review for 1914-18 showing the limits and 
Intt^riiSgnorel averages, respectively, of a large number of 
landed at Middles- cargoes of manganese-ores and manganiferoiis 
borough. iron-ores landed during the years 1897-1906 at 

Middlesborough. In the present review only the table of average 
values is repeated. These figures represent not only Indian manga- 
nese-ores, but also the manganese-ores of the Caucasus, Brazil and 
Chile, and the manganiferous iron-ores of Greece and Spain {via 
Carthagena). From these figures it will be seen that the Indian ores 
contain less moisture than those of the other countries. Some of the 
latter contain such large quantities of moistiure— -Caucasus, 8*6/ per 
cent. ; Brazil. 11*36 per cent. ; and Spain, 8*44 per cent.—that it is 
necessary to reduce the analyses to their condition when dried at 100 
C. before any fair comparison can be made. This has been done ^ by 
assuming that the constituents of the ores not given in the as 
received ’ columns would if determined make the analyses add up 
exactly to 100. From the figures representing the dried ores it will be 
seen that the Indian ores stand first as regards manganese contents, 
with Brazil a close second ; as regards silica, Brazil stands first, with 
India second ; as regards phosphorus, however, India stands last but 
one, the only ores containing more phosphorus being those of Russia ; 



Table 68,— Jifean of analyses of Manganese-ores and Manganiferous Iron-ores from the different districts 

and ‘provinces of India, 







Taiile 68 (eontd). — Mean of analyses of Manganese-ores and Manganiferous Iron-ores from the different 

districts and provinces of India, 
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Table 69 . — Composition of Indian Manganese-ores as exported 
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(a) Analysis of ore produced. (6) Analysis of ore despatched, (d) 2nd grade and lower grade ores also produced. 



(a) Anriysla of ore produced. 


LXIV.] 


Mineral Production of India, 1924-28. 


211 



shipped. Tonnages are of ore produced. 
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the Indian ores contain much less iron than the manganiierous iron- 
ores of other comitries ; but of the true manganese-ores they contain 
the highest amounts of iron, in spite of the fact that they also 
contain the highest amounts of manganese. The high iron contents of 
the Indian ores may be regarded as a point in their favour, or 
otherwise, according to the use to which the ores are to be applied. 
It is true that the high iron contents make it more difficult to 
manufacture tJie very highest grades of ferro-manganese from the 
Indian ores ; but, on the other hand, if the very highest grades are not 
required, then the iron is of considerable value. Both manganese and 
iron arc of use in this case, and the buyer obtains the following totals 
of Mn+Fe when he buys the ores of the different countries : — 


India . 









Mn^ Fo. 
Per cent. 
. 6717 

Brazil . 









. 64-09 

ItuBflia 









. 60-41 

Chile . 









. 48-40 

Greece 









. 47-99 

Spain . 









. 44-27 


With the figures in Table 70 may be compared the analyses of the 
average ore from the Gold coast* : — 

Per cent. 


Manganese . 
Iron . 

Silioa . 
Phosphorus , 


60—63 

2— 4 

3— 7 

01— 012 


As regards phosphorus, the figures for the Indian ores are rather 
misleading ; for an examination of the analyses from which these 
figiues have been taken shows that the ores consist of two difterent 
varieties. The majority of analyses are typical of the ores of the 
Central Provinces, whilst four of them probably represent ores from 
the Vizagapatam district. I have accordingly separated them into 
two groups, of which the mean values are given in Table 71. From 
these figures it will be seen that the Central Provinces ores average 
0*096 per cent, and the Vizagapatam ores 0*291 per cent, in phos- 
phorus. With the gradual rise that is taking place in the jihos- 
phoruB contents of the ores won in the Central Provinces, however, 
it is probable that the average figure given in Table 70 now corre- 
sponds closely with that for the Central Provinces. 

* Sir A.E.KitBOD,BiiU.No. l^QaldooastQeol.Sttrv., p. 16,(1926). 
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Table 71. — ifefeaw of analyses of Indian ores in Table 70 arranged 
according to probable source. 


Source of ore. 

Central Provinces 
and possibly Jhabua 
and Panch Mahals. 

Vizagapatam. 

Number of cargoes. 

22 

4 

Manganese . 




61*31 

45*95 

Iron . *. 




6*53 

10*29 

Silica 




613 

3*10 

Phosphorus 




0*096 

0*291 

Moisture 




0*71 

0-76 


The valuation of the Indian manganese-ore production is a 
question of some interest. There are of course several ways of 
Value of the Indian stating the value. Manganese-ore possesses 
manganese-ore produc- one value per ton as stacked at the pit^s 
mouth, another as delivered f.o.r, at the rail- 
head, a third as delivered f,o,b. on board the ship at the port of 
shipment, a fourth as delivered c,i.f, at the port of destination, and a 
fifth after it has been converted into ferro-raanganese. Eor example, 
with the price at 17 pence per unit, the average value of 60 per cent. 
Central Provinces ore, with 1928 data for freight charges, etc., 
exported via Bombay may be taken as : — 

RS. AS. 

14 12 at the pit's mouth. 

16 4 /.o.f. 

36 10 f.o.k. 

47 4 

The question of values is discussed at length in Memoirs^ Geol, 
Surv, Ind,, Vol. XXXVII, Chapter XXV, and it is there shown that 
to obtain a true idea of the value of the industry to India the export 
gr fob. values must be considered. But it is also pointed out that 
the true value of the ore in the world’s markets is the c.i.f. value. 
The export values formerly given were obviously much too low ; they 
were based on figures supplied by the mine operators, and repre- 
sented, apparently, the cost of winning the ore and placing it on 
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board a ship at the port, and not the true value of the ore, which is 
the value minus charges incurred from the port of shipnient 

to the port of destination. In the work already cited the export 
values have been re-calculated from the beginning of the industry. 
First the c.if, values per ton have been calculated separately for 
each area, on the basis of the average market price per unit of 
manganese-ore during the year, and an assumed average composition 
of the ores. From these cAf. values the /.o.6. values are obtained 
by deducting freights plus destination charges from the cA.f value 
per ton. The /.o.6. value per ton is then multiplied by the actual 
production for the year. The figures thus calculated for the ‘years 
1924 to 1928 are given in Table 72. 


Table 72. — Export value fo,b. at Indian ports of the Manganese-ore 
produced in India during the years 1924 to 1928^ 


Year. 

Bihar 

and 

Orisfla. 

Bombay. 

Central 

India. 

Central 
Provinces. ^ 

1 

1 

Madras. Mysore. 

' 

Total. 

Valno 

per 

Ton. 


1 

£ 

£ 

£ ' 

1 £ . £ 

£ 


1924 

109,572 

188,420 

6,016 

2,063,841 

1 167,524 84,201 

2,619,574 

3'2(>2 

1925 

94,824 

188,959 

8,175 

1,994,087 1 167,006 59,236 

2,512,287 

2*993 

1926 

75 , 994 ! 

179,901 

15,905 

1,989,067 

1 100,665 41,959 

2,463,491 

2*427 

1927 

142,231 

247,602 

21,414 

1,974,299 

1 269,288 48,234 

I 2,703,068 

1 

2*393 

1928 

202,667 

1 181,283 

7,447 

1,504,928 

j 254,706 47,876 

j 2,198,895 

2*247 

TOTAL . 

|625,278| 986,165 

58,957 

9,526,222 

1,019,188 281,505 

|12,497,3I5 

•• 

Avercige, 

725, wj 197, m 

11.791 

l,90SMi 

203.S38 33.301 

2.499.463 

2'G64 


There is, however, in many years a considerable dillerenoe 
between the amounts of ore won and the amounts exported ; 
during the preceding quinquennium, in two years, namely 1919 and 
1921, the amounts of ore won exceeded greatly the amounts of ore 
exported, whereas in the remaining three years tlic reverse relation 
held, the disparity being greatest in 1922. In the present quin- 
quennium the amounts of ore won have in each year exceeded the 
amounts exported. The totals obtained as above differ, there- 
fore, considerably from the total values actually obtained by the 
mining commimity. As figures for the amounts of ore exported 
are not obtainable in detail province by province the totals may 
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be adjusted for these years by valuing the exports for the calendar 
years ending 31st December at the average value per . ton derived 
from tlio total production. Treated in this way the' total values 
for 1924 to 1928 become — 


£ 

1924 2,600,167 

1926 2,211,381 

1920 1,489,062 

1927 2,019,264 

1928 1,874,322 


and these figiues have been used in the table of total values (Table 
1, page 6). 

Comparing the export values of the manganese-ore production 
with the values for the other chief Indian mineral products given 
in Table 1 it will be seen that manganese now occupies the third 
place. 

In earlier reviews reference was made to the potential loss that 
India snllers through exporting her manganese-ore in the raw condi- 
tion, instead of converting at least a portion 
Manufacture of ferro- of it into ferro-manganese in the country. It 
manganese in India. satisfactory, therefore, to be able to record 

in the previous review that during the war quinquennium the manu- 
facture of ferro-manganese had been inaugurated in India. On 
account of the great increase in the price due to the war, one of the 
blast furnaces at Sakchi was diverted to the manufacture of ferro- 
manganese in October, 1916, the average output from one furnace 
being about 80 tons a day. In 1917, the manufacture of ferro- 
manganese at Sakchi was discontinued on account of the necessity 
of keeping both blast furnaces on the production of pig-iron required 
for the manufacture of steel. The average composition of the ferro- 
manganese produced was : — 

Per oent. 

Manganese 

PhospboniB 

Silicon 2 3 

From November, 1917 one of the smaller blast furnaces of the Bengal 
Iron Company at Ktilti was engaged in the production of ferro- 
manganese with a guaranteed minimum of 74 per cent, manganese 
and of 0*65 per cent, phosphorus. The average monthly 
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output was given as l,in() tons, anrl the balance left over after 
satisfying the requirements of Sakchi, was ex])orted, tJie iota) exports 
(to France, United States, Italy, and Natal) up to the end of August, 
1918. being 7,555 tons. With the cessatioii of the war the produc- 
tion of ferro-manganese wa.s discontinued at Kulti and resumed at 
Sakclii. The production of b‘rro-manganesi‘ in India during the 
quinquennium is shown in Tal)le 7)). 

Tablk 73 . — Production of Ferro-MayUfUnese in India durin;j l/ic ijear^s 


1024 tol02S. ’ 

Y(wir. 

Q.iionf ity. 








Tons. 

1021 . 

* 

* 

• 

• 

• 

• 

8,951 

1025 . 

• 

• 

• 


• 


6,527 

1020 . 

• 

• 

* 

* 

• 

• 

lO.SOJ 

1027 . 

* 

• 

- 

• 

• 

• 

5,092 

1028 . 

* 

• 

• 

* 

• 

• 

12,265 






Total 

* 

43,238 

1010-23 







I6,'>.S« 


The ore used at Sakchi was in part railed froin, the company’s 
mines in the (^entral Province's, tJie average composition of the ore 
railed during 1917 being as follow^s : — 

IVr cent. 


Manganese 6041 

Iron • 6-38 

Silioa 4-38 

Phosphorus 0*041 

Q 
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That smelted at Kiilti was purchased from the Central Provinces 
Prospecting Syndicate, but figures of composition have not been 
obtained, 

Thti composition of the coke iised at the two works was as 
follows : — 


— 

Sakchi. 

Kulti. 

Moisture . . , • 




Per cent. 

6-54 

Per cent. 

2-2 

Volatile matter 

• 

• 

• 

1-63 

7 

Fixed carlmu • . • • 

• 

• 

• 

72-28 

• • 

Asli • • • • • 

• 

• 

• 

19-63 

20 

Sulphur 

• 

• 

• 

0-64 


Phosphorus in ash . 

• 

• 

• 

0-935 

•• 


As will be seen from the figures given above the phosphorus 
contents of the alloy produced at Sakchi and Kulti were consider- 
ably higher than the figure 0*30 per cent, representing the upper 
limit of phosphorus acceptable abroad in normal times. With a 
careful selection of Indian ores {e.g.^ of the composition of that 
already smelted at Sakchi, or ore from Balaghat running 0*07 per 
cent, phosphorus) and the use of Giridih coke running only 0*022 
per cent, phosphorus, ferro-manganese could be produced with phos- 
phorus within the acceptable figure. But considering that the amount 
of Giridih coke is limited, that Indian cokes are normally high in 
phosphorus, and that the percentage of phosphorus in the high-grade 
manganese-ores of the Central Provinces is slowly increasing with 
depth from the surface, it is evident that India can never be a 
large producer of low-phosphorus ferro-manganese by blast-furnace 
methods. The possibilities of the electric production of such low- 
phosphorus alloy deserve, therefore, careful consideration. 
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Tho fiic/t that forro-niaiiganoso is now being made in India renders 
it important to secure statistics of fch(» amounts of manganese-ore 
railed to Tatajiag.ir and Kiilti and consumed in India, In order to 
enal)le one, lo deduc<j what portion of the difference between the 
figures of produetiou of maugaiu'se-orc*, ui India and exports thereof 
represents aeiairnulated stocks. Tlu'se <lata, are, collected hi Table 74, 
from whicli it will be seen that the total quantity of ore railed to 
Tatanagar, Kult-i, and Burnpur, iqi to .‘list December, 1928, is 504,289 
tons, of whhdi 589,418 tons havi^ beiui consumc.d, and 78,011 tons 
resold, leaving stocks ol or<i at the works a, mounting to 56,200 tons. 
It must be mentione,d that mn.nga,nese~or(‘ is used not only in th(‘ 
manufacture of ferro-manganese, but is also added to tlu^ Idast 
furnace cna.rge in tlie nianufactun* of pig iron, and in the open- 
hearth furnaces. Thus the Tata Iroji and Steel (^>. (hiring the, past 
quinquennium consumed 29,772 Ions of manga.n(\se-ore in tho manu- 
facture of pig-iron, 20,181) tons in the manufacture' of ferro-man- 
ganes(i, and 4,717 tons in th(‘, op(;n-]iearth steel furnaces. 

Th(^ thoroughness with which India was pros])ectcd for (hiposits 
of mangaiiescnon'.s during the first eight years or so of this C(‘.ntury 
IS shown by tlui fact that, during the (juin- 
< 0 ><'*‘^dal p(‘riod, 1900-1‘>, no fresh fields of 
im|)ortanc,e wore disc^overod, nor were a,ny new 
deposits of jmjxu tance loc.ated in areas aln^ady under exploitation ; 
whilst during the succeeding p(*riod ono fresh deposit only was 
0 [)ened up, naniely Pani in (Jhhota Udepur, Bombay IVcsidency, 
the initial ])rodnctu)ii of Avhich datcjs from 1914, and which has 
yielded 172,684 tons of or<' up to tlie emd of the present (piu)- 
(|iienium. During tlie jjeriod of the previous review, manganese- 
ores wore', discov(5red in tln^ iron-ore tracts of Kconjhar State in 
Orissa, and there was a small initial production in 1923, incKiasing 
to 19l,4()9 tons during the [iresent quiinjiKumiiim. Work was also 
commen(?.ed (192()) on th(‘ laterifoid (h'.posits of North Kanara. 

aVs before, work has fa*cn continued almost everywhere on open- 
cast lines, Imt underground mining is now in progress at Kandri 
ia the Nagpur district, at the Balaghat miue,^ and at Gariajhor 
in Gangpur. 

With regard to the efie(5ts on output of the steadily increasing 
depth of the Indian manganese quarries, as would be expected. 


‘ B- V . IVfellon ; Tram. Min. and QpM. Inst. Ind. XXIV, pp. 166-174, (1929). 
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deposits of superficial origin, such as those of V'izagapatam, are, 
with the ]){issage of years, giving a markedly decreased yield. But 
deposits of tiie gojiditic- type (chiefly in the Central Provinces) show 
no evideiuic of deterioration in depth, except when structural factors 
intervene, and except, also, for tlie very slight decrease in manganese 
contents and sliglit rise ni silica and phosphorus contents that 
characterise many of these deposits, which features nia,y, as iiotcnl 
in a ])revioiis review, he regarded as evkhjnce of a certain amount 
of surfacie mod ilication of tliese (ues, originally (consolidated in dej)th. 
With i.lie continuous output of ore still yielded hy so many of tlm 
Central Provhuies deposits the mining <omj>aiiies liave not yet* heen 
impelled to tiist, hy horing, tlie continuity of tlnur (h^posits iji de])tij. 

In th(^ review for 1911- IS, the ahandonintait was jecorde.d of an 
important <l(‘posit of tlu^ gojiditic. type, jiainely Kajlidoiign in the 
.lhal)im Sf«it(\ During the <.|uin()Uenninm now under revievv, work 
was resumed at this locality, Imt on a. uiiich smaller scale than 
7 )revionsly. 

The ye<ir 1919 saw the ahaudonment (except for siirfaea*, hoiilder 
aceanmilations) of a. second va1iial)le gonditie di^jiosit, namely Silapar 
hi the Chliindwaa’a district. This (lc[)Osit was worked IVom a large 
open (piarry, until at about 100 feet fiom the surface tlie ore-hody 
was triiiHiated liy felsjiathic intrusivi's. TJie eireuinstanc(‘s lender 
it ])Ossil)le that the romaindtu- of the ore body m.iy lie concealed 
underground hi one or more fragments. hVom tin* eommeneenient 
of work in 190(), until the end of 1921, the Sitapar de])()sit yielded 
70,000 tons of ore, of (eKeiiptionallv Ingli grade, and in add ir ion 
no less tlnin three minerals new to science (s(Hi also page 220). 

As several of tlie ores of manganesi' ;irc distinctly magnetic, 
though usually only slightly so, it scimis (h'sii.ihh', to (hd-eunine Ihe 
possibilities of magiictonmtrie. surveying in locating tlu‘ posit ioji of 
underground bodies of manganese-ort*,. Tin* pT'(>s]a*cts of suia ess 
in such ap[)lication of these mc'thods do not S(*,cm very bright ; but 
this niueh has been asccirtained, that a dipping-iUM^dle set up dh*(j(d/ly 
on a manganese-ore (h^posit is often strongl}' affected thereby. 


Geological Relations of Indian /Vlanganese-ores. 

In view of the im])(>rt,ance of the Indian manganese industry 
it is proposed to repeat ladow, with such slight alterations as are 
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neceBsary, the brief sketch of the distribution and mode of occur- 
rence of the Indian deposits given in the previous review. The 
deposits of economic value can be divided into tliree main groups. — 

{A) Deposits associated with rocks of Dharwar age — the inan- 
ganiferous facies of which is known, when containing spessartitc- 
garnet, as the gondite series. Found in — 

Bihar and Orissa : — Gangpur, 

Bombay : —Narukot, Panch Mahals , Chhota Udepur. 

Centra] India : — Jliahua, 

Central Provinces : — Balaghat, Bhand.ara, Chhmlwara, Nagpur 
and Seoni. 

{B) Deposits associated wdtli a series of manganihirous intrusives 
known as the Iwduriie series. Found in — 

Madras :~-Ganjam, Vizagapatani. 

(G) Deposits occurring as lateritoid replacement masses on the 
outcroi)S of Dharwar rocks. Found iu — 

Bihar and Orissa : —Keonjhar, Singhhhum. 

Bombay : — Dharwar, North Kanaray Ratnagiri. 

Central Provinces : — J ubbulpore. 

Goa. 

Madras : —Bellary, Sandur. 

Mysore : —Chitaldrug, Kadur, Shimoga, Tumkur. 

{ Italics denote that ore has been worked for export.) 

In addition to the occurrences noted above, ore has been worked 
in the low-level laterite of Goa and the high-level laterite of 
Belgaum (though this occurrence -Tale vadi — might perhaps be more 
accurately classcul with the lateritoid occurrences). Manganese-ores 
have also been found in many other districts in Tjidia, but none of 
these other occurrences has been shown to be of any value. Amongst 
them, the following may be mentioned 

In Bijawar rocks : -Dhar, Gwalior, Indore, Hoshangabad. 

In Vindhyan rocks : — Bhopal. 

In Kamthi rocks : — Yeotmal. 

In Lameta rocks : — Dhar, Indore, Nimar. 

In l.*’iteritic soil on the Deccan Trap : — Satara. 

Each of the three chief groups will now be considered in turn. 
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A. — The Gorulite Group. 

The gonditc series ^ is composed of metamorphosed manganiferous 
sediments of Dliarwar age, and is characterised by the presence of 

, various manganiferous silicates, the most important 
The ffondite series. . i • i 

or which are the mangaiiesc-garnet, spessartite, 

and the manganese-pyroxene, rhodonite. The garnet occurs com- 
monly as a rock composed of spessartite and quartz, and this is the 
rock tliat has been called gomlitey after the Oonds, one of the 
aboriginal races of the Central Provinces. Other common rocks 
are spcssartite-TO(;k, rhodonite-rock, and rliodonite-quartz-rock. The 
series is developed typically in the districts of Balaghat, Bhandara, 
Chhindwara, and Nagpur, m the Central Provinces/*^ but has also 
btien found in several other areas, namely :—Narukot State in 
Bom])ay, Jhabua in Central India, Cangpur State in Biliar and 
Orissa, and probably in Banswara State in Kajputana. It exists 
also in the Sooni district, Central Provinces.® 

Forming an integral portion of the same masses of rock as th(i 
gonditic rocks, tlu^re are, at many places, bodies of manganes(’,-ore, 
often of large size and first-rate quality, some of the manganese-ore 
deposits of tin*, C(5ntral Provinces l)cing the most valuable in India, 
and second to none found in other parts of the world. 

The rocks of the gondite series are su])posed to liavo been formed 
by the inetamor|)hism of a, series of sediments deposited during 
Jlliarwar times. These sediments were partly 
mechanical (sands and clays) and partly 
chemical (manganese oxides). When these sediments wcjre meta- 
morphosed, the sands and clays were converted into quartzites, mica- 
phyllites and mica-schists ; the purest of the mangant‘Sf^-oxid(‘, sedi- 
ments were compacted into crystalline manganese-ores ; whilst 
mixtures of the mechanical sediments, sand or clay, with the chemical 
sediment, mangancvse oxide, were (converted into rocks composed of 
manganese silicates — spessartite and rhodonite — any silica left over, 
after accounting for the formation of there minerals, appearing as 
quartz. [The effects of regional metumorphism have been in some 

1 Mem. Ocol. Surv. Ind.y XXXVII, pp. 306— .365. 

® 3^ho seiies of Archy?an schists and marbles in which the gonditic horizon occurs in 
the Central Provinces lias been named the Saiisar series. Xames have also been allotted 
to each stage, that adopted for the gonditic horizon being the Mansar stage. Whereas 
the latter term is a stratigraphical term, gondite is a petrographical term. See L. L. 
Fermor ; Rcc. QmI. Surv, Ind.y LIX, pp. 77 — 79, (1926). 

» R. C. Burton ; Ibid., XLIV, p. 21, (1914). 
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cases complicated by contact effects with resultant hybridism due 
to later intrusives.^J The rocks thus formed constitute the gondite 
series. There is abundance of evidence to prove that the manganese- 
silicate-rocks of the gondite series have been subjected to extensive 
oxy-alteration, subsequent to their formation, but probably in 
Archaean times. As a result of this alteration large bodies of man- 
ganese-ore have been formt'd ; no decisive evidence has yet been 
obtained indicating the relative propoi-tions of the workable ores 
thiit arc the result of the direct compression of the purer portions 
of the original manganese-oxide sedimcuits ^ and of the ores that 
have been formed by the subsequent alt(‘ration of the rocks of the 
gondite serhis. 

The ore-bodies thus foimied occur as lenticular masses and bands 
inttu’c^alatiid in tin* fpiartzites, s(;hists, and gneisses ; and, as would 
be expected from the suggested mode of origin, 

modf^’eV^o'ccurrenc”*’ frequently found to pass, both 

hii(u*ally and along the strike, into the partly 
altered or quite fresh members of the, gondite. series, th(^ commonest 
vock being gojidite itself. Tlie ore-])odies are often well-b(;dded 
paralhd to the strike of tin* <uielosiug rocks, and several of them arc 
often disposed along the sann* line of strike, indicating tliat tliey 
have probably all becui produced from tin* same l)ed of maugani- 
ferous sediment. A good examples of such a line of deposits is one 
in the Nagpur district, str(*te.hing from Dumri Kalan in an easterly 
direction as far as Khajidala, a, total distaina* of 12 mil(*s, this line 
including the valuablfi d<*posits of Beldongri, liohdongri, Kacharwahi, 
and Waregaon. With the, eiiclosirig rO(^ks the ore*- bodies have often 
suffered repeated foldijig, upon which is often superposed a well- 
marked pitch, wliicli frecpiently, as at Lvandri and Thirori, deter- 
mines the direction of miuijig o]M*rHtio]is. 

The ore-bodies oft(ui attain great dimensions. The Balaghat 
deposit is miles long; at Manegaon in the Nagpur district the 
ore-body is I J miles long ; whilst the band 
bodies*”**^”* running through damraf)ani, Thirori, and 

Poiiia, in the Balaghat district, is exposed more 

> L. L. Ferm.»r ; Jiec. Gtol Sarr. Ivd., XLV, p. 104, (1915). 

* The fact that some of the ^onditic raangaiiose-ores are of gi eat antiquity (at least 
pre-pegmatite in age) was conclusively proved by the discovery of a detached fragment 
of or© in pegmatite cutting the Gowari Warhona manganese-ore deposit, Chhindwara 
district. See Rec. Oeol. Surv. Ind., XLI, pp. 1 — 11, (1911). Similar phenomena were 
later well displayed at Sitapar in the same district, and are still to be seen at intervals 
at Kaehhi Dhana. 
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Table 75, -Total production of Manyanesc-orc from deposits of 
yondiiic type that have yielded 100,000 tons of ore by the end of 
192S. 



Min<5. 

Diftnet or Slain in 
winch pitnal cd. 

W'-ar of 
comnicnoe- 
111 cut of 
woik. 

Total 
pr.iduction 
to end of 
1923. 

J 

BftlaKbat . 

Balaghal . 


HKH 

• 

1 ,478,292 

2 

'riiuori 

Do. 


11M)2 

1,271.223 


Kandii 

Nag[mr 


1000 

1 ,098.r)95 


C'Iaklil. 1 . (with Vcdai- 
Ituclii). 

Hhaiuinrn 


11)01 

902,31 1 

"i 

Kaolihi Dliaiia . 

Chhnidwara 


1900 

828.795 

(i 

Maiu^ar 

Natpiir 


1900 

799,604 

7 

Kocle^^aon 

Do. 


UH)3 

468.394 

H 

(dimj^aon . 

Do. 


1901 

425,989 

IJ 

iSitasardigi 

Hhatidara . 


1908 

344,266 

10 

lioluloiigri 

Nagpui* 


1900 

330,.573 

li 

Miragpiir . 

Bala ghat . 
(jlangpiir . 


1905 

325,364 

12 

(-Jaiiajhor . 


1908 

309,980 

13 

8ukli 

Baiaghat . 


1 905 

304,990 

U 

liaitu'aiua 

Do. 


1900 

200,322 

IT) 

Knjlidoiigri 

ilhabua 


1900 

223..540 

10 

I’kiia (with Saiiinaimr 
and (diidina). 

Balaghat . 


1900 

215,300 

17 

Uatndongri 

Nag|»iir 


1901 

2^71,063 

18 

Kuimum (^vith 

UongrJ, Dnngri 

Buzurg, Balapiu 

Harjinslia). 

Bliandara . 


1 902 

180.4.38 

11) 

Notia (with (Jida 

Hurki). 

Balagliat . 


1908 

166,166 

20 

Natak 

!Nagpiir 


ltR)4 

158.730 

21 

^hodan Huiki . 

Balagbat . 


1912 

148,247 

22 

JiUiawam . 

Nagpur 


190G 

152,116 

23 

Manegaon. 

Do. 


1902 

131,113 

24 

KoHiunha . 

JWagliat . 


1905 

126,114 

25 

Kaehamalii 

Nagpur 


1902 

119,944 

20 

Mandii 

Do. 


1902 

111,69.3 

27 

danuapani 

Balaglmt . 


HHIG 

96,406 
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or loss continuously for nearly 6 miles. In an earlier review a thick- 
ness of 100 feet (of ore) was ascribed to the Kandri deposit, and of 
1,500 feet (ore and gonditic rocks) to the Ramdongri deposit. Subse- 
quent work indicates that both these deposits are fold(!d, and there 
is no evidence that the ore-bodies are anywhere more than 45 to 50 
feet thick : a great(ir apparent thickness appears to be due to 
repetition by folding. On the other hand the ore-band is often 
much thinner, but may have again attained a fictitious thickness 
due to folding. The d(*,pth to wliich these ore-bodies extend is 
unblown. It is, however, almost certain that, in many cases, they 
extciud to at least 100 to 400 feet below the outcrop, e.g., some of 
tlie deposits occupying hills in the Central Provinces ; and it is very 
probabhi that some of the Central Provinces deposits extend to 
depths considerably grcJiter than these ; for the (ividence obtained 
indicates that tlie deposits were formed in depth, so that the 
position of the deposit b(‘ars no gcmetic relation to that of tlie 
surfa(;o. An idea of the size of sonic of tluiso deposits can )>e 
obt.iined from the amounts of ore they have viedded, as shown in 
Table 75. 

The total ])roduc,tion frcmi dex>osits of the gojulitic type (the 
C. P., Jhabua, and Cangpur) averaged 075,472 fco/is annually during 
the cjuiiiqucjinium as compared with 525,02 tons annually during 
1919-25, 501,597 tons annually during 1914-18, and 529,152 tons 
during 1909-13. 

The typical ores of the Na,gpur-Balaghat area of the Central 
Provinces consist of mixtures of braunite and j)silonielanc of different 

degrees of coarseness of grain. The most 
Compositiort of ores. ^ i i ^ ■ , 

typical ore is a hard nne-gramed ore composed 

of these two minerals. Other minerals found in the Central Pro- 
vinces ores are hollandite, vredenburgite, sita})arite, and rarely pyro- 
lusite. The unique ore of Sitapar in the Chhitidwara district con- 
sisting of hollandite with sitaparite uiid fermorite, proved to be a 
surface form, and at a depth of 60 feet gave place almost entirely 
to braimitic ore, which ])ersisted to the bottom of the pit at 100 feet 
(see page 221). The ores exported from the. Central Provinces are 
mainly of first grade, but during the quinquennium moderate quan- 
tities of second-grade ores (43 to 48 per cent, of manganese), and 
small quantities of low-grade ore (42*5 per cent, of manganese) have 
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been produced. The chief characteristics of the first-grade ores are 
the high manganese contents (usually 48— 51 ]) v.t cent, as export(‘d), 
moderately high iron (usually 4- 8 per ccjnt.), rather high silica 
(usually about 6 — 9 per cent, and largely due to the braunite in the 
ore), and moderately low phosphorus (usually about 0-07 — 0-2()). 
For analyses see Table 68, page 207. At Bongri Buzurg in the 
Bliandara district, an ore rich in peroxide is foimd. 

In addition to the deposits found in association witli spessartite- 
ajid rhodonite-boaring rocks in the Central Province's, mapganese- 
ores are sometimes found in association with 
limestones” ^*’y®*®^**”‘* crystalline limestones, usually (containing picnl- 
mojitite, and also rc'gardcul as of Dharwar age. 
Ores of this (character are found characteristically iji tlici Nagpur 
and Chhindwara districts. The manganese-ores occur either as lines 
of nodulc'.s or as fairly definite beds in the limestone, the latter being 
the rarer mode of occurrcmc.e. In most case's it is not found profit- 
able to work thesci ores ; but where* the befl of ore is of greater thick- 
ness than usual, as in the Junawani forest, it may pay at times of 
high prices ; whilst patches of reisidual nodules accumulated during 
the dwindling of limestones will pay to work at any time*,, if not too 
far removed from transpoit facilities. The, ores found thus are 
usually composed of braunite and psilomc'lane or hollandite. 'Iliese 
ores, and the associated crystalline limestones and calcareous granu- 
lites, are probably the products of the metamorphism of calcareous 
sediments with associated manganiferous ores, and arc thus analo- 
gous ill origin to the ores associated with the true gonditic 
rocks. 

The remarks in the foregoing paragraphs apply particularly to 
the deposits found in the Central Provinces, but also in a general 
way to the deposits foimd associated with rocks of the goudite series 
in other parts of India. A few remarks about these are given below. 

During 1908, the ext.eiision of the gondite serie^s into Bihai* and 
Orissa was proved by the discovery of manganese-ore dciposits in 
Gangpur State associated with rocks (anitain- 
^**'*^*^ spessartitc and rhodonite. Thei ores are 

typical gonditic ores, containing braunite in a 
matrix of psilomelanc. The chief deposit, Gariajhor, has yielded 
309,986 tons of ore during the years 1908 to 1928. As will be seen 
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from the figures summurised in the folU>wing table, the quality of 
the ore is similar to tliat of the Central Provinees 


1919-J923. 


Limits ol Mean of Average analysis 

analyses. analyses. of ore railed. 



Manganese 

Iron 

Silica 

PhoHphf)nis 

Moistnrt; 



2*0 — 8 
0 * 018 — 0*143 
0.7H — 1*10 


Tlie JV)09 figures relate to eargoes shi]>ped during that year, the 
manganese and phosphorus iigiires repnisenting eight oiiaylses on a 
total of S,<)()0 tons (d ore, and the other constituents four analyses 
on a total <d tons of ore. Tire J 919-23 figures, supplied by 

Mr. W. It. Clark, r<5present the iirst* and second-grade ore as exported 
during tlie period. Phe (vsti mated avt^rage figures for 1924-28 are 
given ill Table bS. These two s(5ts of figures are of interest as illus- 
trating the iucr(‘.ase of phos])horus eont(Uits in gonditic ores with 
def)th from tlie, surface. 

Kocks of the gondite series with associated manganese-ore have 
been found in a small hill at Jothvad in ^ariikot State, Bombay. 

^ Th(i occurrenet* is of no «*conomio importance, 

Narukot, Bombay. i , r . • j w ^ rm , 

but ol great S(U(Uitilic interest, Ihe rock 

surrounding the hill is a por])]iyiiti(; biotite-granite presumably 

of Arclijjeau age, and a]iophyses from this pierce the gonditic. rocks 

of the hill. Isolateil jueces of gomlitic rock arc included in the 

granite, and iimongst bliose inclusions are xiicccs of manganese- ore, 

proving that a portion at least of the maiiganese-ore had been formed 

befon*. the tim(' of intrusion of the granite into the JDharwar rocks 

of the area. 

Manganese-ore deposits ar(j being wi>rked near Shivrajpur and 
Bamankua in the Paueh Mahals. The rocks with which they are 
p h IVi 1 Is associated are Champaners, that is Dharwa-rs ; 

no rocks of gonditic nature have been found in 
this area, but it seems, judging from reports, that although a por- 
tion of the ores has certainly been formed by the superficial replace- 
ment of quartzites, a portion may have been deposited contem- 
poraneously with the enclosing Dharwar rocks ; in this case the 
deposits may be classified with the gonditic deposits. The absence 
of gonditic rocks would then mean that the rocks — as at the Bala- 


Patich Mahals. 
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^liat deposit in the Central Proviriees— liad not been subjected to 
such intense inetamorphisni as tliat which piodiu'ed the gonditie 
rocks assoeiated with most of the Ci'iitral Provinces de])osits. .S()0,(i9l 
tons of ore luive been W(ni from this area in the twenty three years 
190() to The average com])osition (d tliis or<* us cx]jort(‘(l is 

shewn in Table 09. 

Tin* cliief deposit in Jhabiia State. x\as iliaJ situated at Kajli- 
dongri. This is a true gonditie 0(5c.urrenee, and the rocks assoeiated 

. with tiie nuuigan(*se-l)earing rocks are tiiose 

Jhabua, Central India. , » ii> i i ■ 

known as Aravallfs, which are in tJiis part 

of India the equivaJents of the JJharwais. In tlie 12 y(*afs 1900 
to 19jr>, this deposit yielded 1 9b, 700 tons of manganese-ore, and since. 
1910, tlie d(‘.posit lias been abandoned. During 1921 to 27,780 

tons of ore have, b(‘en extracted, making a lota I of 220,^10 tons. 
F(fr the (iiiality of the or(‘ obtained see Table 08. 


B, The Koclurife Group. 

The kodnritc series^ is developed ty])i(‘ally in tlie Vi/aga[)atain 
district, where it oc-c.nrs associat<‘d will) otlnu' Archa'an crystalline 

rocks, the ckiet gr(un>s of wluch are tin* klion- 

Kodurile series. , i i i 

dalite series including tlie calcar(*ons ginusscs or 

graniilites, the gnc.issose granite, and the charnockit(‘ sc'IK's. TIk', 
kodurite. scries was held to be of igiu^ous origin, and })robably' ol later 
age than the khondalite senes, vvhicli is tin* series with x\hieh it is 
c.losest a,ssociated. The original kodnritic magUia lias been ditferen- 
tiated into a series of rocks ranging from very aedd (quartz-oitlnvelase- 
roc 3 k) through basic (kodurite) to ultra, -basic* (s])ai)dite rock and 
manga, nese pyroxenites). The typical rock, Ixodiuitf. is eonqiosed of 
potash-fels])a.r, spaiidite (a garnet intermc*diare in composition be- 
tween spc^,ssartibe and andraclitc*), and afjatite. The manga uibuous 
natuio of these koduritie rocks has been a jictrological sur]»ri.se, ancl 
it has consequently later been siiggestecl “ tliat the*}' may be liybrid 
rociks producc^d by tin* ussiindatiori by an acid igneous magma of 
manganese-ore bodies and manga nesc-silic‘ate-roc*,ks allied jierbaps 
to the gonclite series. 

The manganese- bearing miin^rals contauied in these rocks are 
sjiaiidite, rhodonite, and two or tliree other manganifcroiis ])yroxc*iK*.s, 


^ Mem. Geol. Surv. hid., XXXVIl, C'haps. XIJ, Xfll, (19C)U) ; Rec. Gcol. iSurv. Jud.^ 
XXXV, p. 22, (1907) ; op. cit., XLTI, p. 208, (1912) ; op. cit. XlAlI, p. 42, (1913). 

• Rec. Oeol. Surv. Ind., XLVI, p. 102, (1915). ^so see W hitman Cro8.s ; Jmirn. 
Qeol., XXII, pp, 791—806, (1914). 
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at present Tinnamcd. Subsequently, the whole series. of rocks has 
been chemically very much altered with the production., from the 
felspar, of enormous masses of lithomarges and, from the mnngani- 
ferous silicates, of manganese-ores. Other secondary products are 
chert, ochres, and wad. 

The manganese-ore bodies thus formed are often extremely 
irregular both in shape and size, often showing no definite strike 
or dip. But in other cases, as at Garbham, 
of ocaurence*” ' ore-bodies have a well-marked dip and 

strike, and apparent bedding, which probably 
represents original banding in the parent rock ; lor much of the 
ore has been deposited so as to replace metasomatically the pre- 
existing rock. 

Some of the ore-bodies are of very large size. The largest, 

Garbham, is some 1,600 feet long, and 167 feet thick at its thickest 

section, 100 feet of this thickness being ore 

Dimensions of ore- remainder lithomarge, wad, etc. From 

boaies. , i • i *0. • 

the commencement of work on this deposit in 

1896, to the end of 1928, Garbham has yielded the large total of 

908,679 tons of ore. The only other very large deposit in this 

district is Kodur ; but this is really a series of scattered ore-bodies 

in lithomarge. It lias yielded 396,598 tons of ore from 1892 to 

1928, of which only 4,007 tons was produced in the quinquennium 

1924-28. It was the first manganese-ore deposit to be worked in 

India. 

The ores of the Vizagapatam district are composed mainly of 
psilomelane with subordinate amounts of pyrolusite, braimite, man- 
ganmagnetite, and in one case (Garividi) 
Composition of ores. vredeuburgite. They are usually of second 

and third grade — although some first-grade ore has been obtained at 
Kodur— and can be divided into manganese-ores (above 40 per cent. 
Mn.) and ferruginous manganese-ores (below 40 per cent. Mn.). They 
are characterised by high iron and phosphorus contents, and com- 
paratively low silica (see Table 69). 

C . — The Lateritoid Group, 

In several parts of India manganese- ore deposits are found on 
the outcrops of rocks of Bharwar age, associated with the latter 
in such a manner as to leave little doubt that 

Lateritoid deposits. formed by the replace- 

ment at the surface of Dharwar schists, phyllites, and quartzites, 
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The masses of ore thus formed do not consist entirely of manganese- 
ore, but often contain considerable quanlities of iron-ore ; and every 
gradation is to be found from manganese-ores, through ferruginous 
manganese-ores and manganiferous iron-ores, to iron -ores. The 
masses of ore tlius formed are often more or loss cavernous and 
bear considerable resemblance to ordinary laterite. ]i\ fact some 
geologists would tlesignate such occurrences by this term ; but 
others would object ; and, therefore, to obviate this dihiculty the 
term lateritoid — meaning like laterite — has l>een introduced to de- 
signatc this class of deposits. Lateritoid deposits are, then, irregular 
deposits of iron and manganese- ores, occurring on the outcrops 
of Dharwar rocks, and resembling in their cavernous and rugged 
aspect masses of ordinary laterite. When the rock replaced is a 
schist or phyllite, it is usually found altered to lithomarge bedow 
the capping of ores. The mineral composition of the ores thus 
formed is usually fairly simple. The manganese-ores arc pyrolusite, 
psilomelane, wad, and more rarely pseudo-manganite, and manga- 
nite ; whilst the iron-ores are limonite and earthy hematite. The 
harder crystalline minerals -braunito, vredenburgite, sitaparite, mag- 
netite, and specular hematite -are found rarely or never in the 
lateritoid ores. Hollandite may sometimes occur. The chemical 
characteristics of the manganese-ores are high iron, low silica, and 
often veiy low phosphorus. The manganese is usually correspond- 
ingly low, so that the ores won consist mainly of second-grade 
manganese-ores and third-grade ferruginous manganese-ores. Siu^h 
deposits will be worked to the greatest advantage when a market 
can be found for the iron-ores and manganiferons iron-ores, as well 
as for the manganese-ores. 

The areas Avhere ores of this nature have been found are given 
on page 222. Singhbhum and Jubbulpore, and in 192*1, Keonjliar 
State, have yielded small quantities of mer- 
bu^pore****""' most important of the 

lateritoid areas arc >Sandur and Mysore. A 
large number of deposits, many of them of large size, have been 
located in the Sandur hills, mostly perched up on the edge of 
the hills at an average elevation of about 
1,000 feet above the plains. When transport 
difficulties have been surmounted, these deposits may be expected to 
yield large quantitievS of second-grade and third-grade ores, wdth 
possibly a certain proportion of first-grade ore from the Kamatarn 
portion of the state. The deposits are being worked by the General 
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Sandur Company, Ltd. During the yeans 1905 to 1914, 

418,424 tons of ore were won from these deposits, mamly from the 
Haiiiandriig and Kaimevihalli areas, but work was elosed down 
during the w^ar on aeeoiint of the high ocean freights. In 1921, 
work was resumed by this <*omj)any and 39,355 tons of ore were 
extracted during the <piinquennium ending 1923. 461,701^ tons 
during the present quinquennium making a total of 915,48b tons 
vsince the beginning. For analyses see Tables 68 and 69. 

The manganese ore depo.sits of Mysore are nmuerous. but very 
few of them can com})are in size with those of the Sandur hills, 
Mysore although they have been formed in the same 

way. The chief exception is the Kiimsi deposit 
in the, Sliimoga district, from wdiich some 160,000 tons of ore weje 
wT>n in tlie three initial years 1906 to 1908, the state as a wliolo 
yielding 228.243 tons during the same pc^riod. In the quinquennium 
1909-13, there was a great decline in output compared with that of 
the initial period of work, the average animal output of the stat(’ 
being 28,280 tons. The subsequent decline has been at a much smaller 
rat(j, tlie averag<‘ annual output for the quinquennia J 91 4-18 and 
1t)J9-23 being resj)e(3tively 24,205 tons and 21,703 tons. There has 
been a sliglit recovery during the present quinquennium, the average 
annual output being 32,046 tons. The jedmdion oi the industry 
to tlu‘ lower level of the last 20 yeais is largely due to the supeili(?jal 
nature of the de])Osits leading to early exhaustion of the best class 
of or(*s, whilst liigli railway and sea freights prevent the exploitation 
of the lower-grade ores. The chief company at work in this state 
is the Cnited Steel Companies, Limited, whieli took over the 
Workington Iron Company, Ltd., in 1918. 


7 >. — The Lnlerite Group. 

Manganese-ores are sometimes lound in true laterite ; hut such 
ores are rar(4y of imieh economic value. The ores of (loa (Fortu- 
giiese India) o<3cnr in part in this way (in 
Goa and e gaum. ]o\v-lovel laterite), as also those of Belgauin (in 
liigh-leveA late.rite). They are not economically of great importance 
owing to the irregular manner in which they occur, and their ex- 
tremely variable composition. Picked ores, however, are similar in 
composition to the ])icked lateritoid ores. Only 154 tons of ore 
won in Goa were exported from Marniagao during the period 1919-28 
as compared with 598 tons during the war period and 16,243 tons 
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in the previous quinquennial porkxl. Tliese expoits are, of course, 
excluded from Tablfi 59. A production of hi ,9 1 2 tons of ore has 
been extracted from Bolgaum for the years 1925 to 1928. 

No figures have been obtained of the -[uoduction of manganese-' 
ore in Goa during the prcvsent period. 

Mica. 

(Cyril S. Fox.) 

The mineralogical aspects of mic a are given in all text-books of 
mineralogy. Reference to such works will show that there are 

, , , . several varieties of mica, and that a charac- 

Introduclioii. ^ . r ^ • i.- i-i 

ten Stic property of most micas is a highly 

developed cleavage whereby thin sheets or films of mica can be 

readily produced. The chief micas of commercial value are those 

which are practically transparent in rc^latively thin plates. These 

may be pale-tinted and clear or only slightly stained and spotted. 

The two cliief varieties of commerce are muscovite and phlogopite. 

With the exception of a very small production of ])hlogopito from the 

workings in Travancorc, nearly all the mica extracted from the 

pegmatitic rocks of the mica occurrences of India belong to the 

variety known as muscovite. 

For the past 30 years India has been a gniat exporter of mica. 
Practically all the mica obtained from Indian mines is despatched 
to Europe and America. During the past 
decade, 1919-28, the average annual exports 
of Indian mica has been upwnirds of 72,000 cwts. (the average annual 
exports during the quinquennium, 1919-1923^ was 58,600 cwts. and 
during 1924-28 over 86,000 cwts). These exports, as will be seen 
later, total almost twice the recorded output of the mines, and, in 
consequence, it is difficult to gauge the domestic consumption of 
mica. It has been estimated that the amount of cut mica, 
chiefly the larger sizes (above No. 4’s), utilised in India, is less than 
2,000 cwts. annually, but this estimate is obviously a guess, as 
no detailed returns appear to be available. Nevertheless, it may 
be assumed that practically all the mica produced from Indian 
mines and prepared in the form of cut mica, usually as mica 
splittings, is exported. 

The exported quantities of Indian mica are shown in the accom- 
panying tables, which siiow the exports of Indian mica during the 
periods 1919-1923 and 1924-1928, and to whom consigned — 

B 



Table 76. — Exports of Indian Mica during 1919’1928. 
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(«) Separately recorded sicoe April 1921. 

<6) Details of block and splittings are incomplete. The total figure represents exports during nine ir.ontha, April to December, 1921. 


Table 77. — Destination of exported. Indian Mica, 
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It is evident from these returns that the export trade in Indian 
mica has, on the whole, sensibly increased. It is also clear that the 
highest values declared for these exports 
correspond to the years when the exports are 
lower than the average for (iach quinquennial period. Owing to the 
lack of details regarding the sizes and qualities of the mica exported, 
either as block mica or mica splittings, it is impossible to follow the 
true fluctuations of the demand ; but taken as a whole for each year, 
the declared values of the consignments have varied as follows : 
in 1919, the average value works out to a little over Rs. 146 per cwt. 
(roughly Ks. 1-5-0 per lb.) ; in 1923, it was nearly Rs. 97 per cwt. 
(about Rs. 0-13-10 per lb.) ; in 1924, the value was roughly Rs. 135 
per cwt. (nearly Rs. 1-3-3 per lb.) ; and in 1928, nearly Rs. 98 per 
cwt. (nearly Rs. 0-14-5 per lb). These are declared values at the 

time of export and, for the past decade, may be assumed at, roughly. 
Re. 1 per lb. However, these computations are not a true index 
of the prices actually obtained by the vendors. In the Bihar ‘ mica 
belt’, mica may be purchased locally at prices considerably lower, 
perhaps, than Re. 1 per lb. (on lots of mixed cut mica). Brokers 
in Europe and America pay more than Re. 1 per lb. exclusive of 
freight. Finally, the consumers in Europe and America are believed 
to pay on an average Rs. 3 per lb. inclusive of freight, etc., for the 
material they buy at relatively short notice. 

In Table 78 the production, in long tons, of mic.a from all countries 
is shown for the period 1919 to 1928. From these returns it is clear 
Value of world out- that the tonnage of mica produced and ex- 
l^orted from India is barely 25 per cent, of the 
world totals of the last few years. This is largely due to the fact 
that no scrap mica is recorded in the Indian production. The only 
mica of which statistics are available from India is that known as 
block mica and mica splittings of sizes from one square inch upwards. 
In other countries, particularly in the United States of America, 
large quantities of low grade mica find a sale in the preparation of 
mica powder, etc. The value of this low grade material is small. 
To show how great is the value of the mica obtained and despatched 
from India it has been thou t justifiable to revive a Table 79 
showing the value of mica raised in the three principal producing 
countries — India, Canada and the United States during the past 
20 years from 1909 to 1928. It should, however, be pointed out 
that the production from the Union of South Africa has, since, 1924, 
grown to important dimensions until this country as shown in Table 
78 is now third on the list of great producers, 



Table 78 . — WorliVs froduction of Mica during the years 1919 to 1928, 
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Table 79. — Value of Mica raised 
countries during the twenty 


in the three principal producing 
years 1909 to 1928:.. 


— 

Canada. 

India (a). 

United 
States of 
America. 

Total. 

India’s 
per cent, 
of this 
total. 



£ 

£ 

£ 

£ 


1909 

, 

30,346 

164,078 

67,603 

242,926 

63*79 

1910 

. 

39.003 

188,983 

09,219 

297,295 

63-56 

1911 c . 

. . 

26,422 

207,778 

73.060 

307,260 

67-02 

1912 

. 

29,r)64 

341,349 

68,151 

439,064 

77-74 

1913 

. 

34,931 

302,564 

89,540 

427,035 

70-85 


Tt)TAT. 

160,355 

1,195,6.52 

357,673 

1,713,580 



A 


239,130 

71,616 

342,716 

69-77 

1914 


22,410 

191,066 

67,801 

281,277 

■■■ 

1915 


18,885 

208,496 

88,106 

315,487 


1916 


25,180 

341,255 

122,139 

488.574 


1917 

. 

44,803 

675,285 

155,624 

775,712 

74-16 

lOlH 


55,147 

598,971 

157,185 

811,303 

73-82 


ToTATi 

166,425 


5i)0,8r)5 

2,072,353 

•• 


Average 


:m,0i6 

ns,i7j 

631,471 

71-00 

1919 


56,260 

750,824 

111,302 

918,386 

81-75 

1920 


77,267 

1,065,438 

140,715 

1,289,420 

82-63 

1921 


15,768 

426,274 

36,034 

478,076 

89-16 

1922 


31.288 

385,683 

63,361 

480,332 

80-29 

1923 

• 

67,189 

538,435 

90,594 

696,218 

77 -.‘la 


Total 

247,772 

3,166,654 

448,006 

3,802,432 



Average 

49/, .U 

633,331 

89,001 

772,436 

81-99 

1924 


73,415 

679,796 

61,497 

101,818 

814,708 

83-44 

1925 


53,727 

799,483 

955,028 

83*71 

1926 


47,098 

820,901 

110,311 

978,310 

83-91 

1 927 


35,729 

691,341 

66,294 

793,364 

87-14 

1928 


16,887 

698,130 

(6)84,980 

799,997 

87*26 


Total 

226,856 

3,689,651 

424,900 

4,341,407 



Average 

46,371 

737,930 

84J980 

868,281 

84^98 


Average foT 20 years 77*00. 

(а) S&port values. 

(б) Vftimated. 
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Since the period of the Great War, largely as a result of the 
demands of the electrical industry, there has been an immense 
increase in the consumption of mica splittings, 
Block mica and chiefly of sizes No. 5 and smaller. The larger 

apliltiiiKs. sizes (No. 4 up to Special) have a limited but 

steady market, as seen in the above Table 7(>. 
The proportion, by weight, of mica splittings to block mica is as 
much as G to 1. On the other hand, block mica is nearly half the 
value of mica splittings (inclusive of the cost of splitting) ; in other 
words, the value of block mica is nearly 3 times that of the splittings. 
One must, liowe.vcu-, remember that the former is in larger si/es. It 
may be mentioned liere that the manufacture of micninite -built up 
she(its of mica from splittings glued with shellac- -lias now almost 
entindy (teased in India. 

During the quinquennium, 1919-1923, there was a decided falling 
off in the e.xports of Indian mica to the United Kingdom -India’s 
best market. Since 1924, these exports h:i,ve 

Chief consumers. steadily increased, until the returns of 1928 

show that that market is once more the largest consumer of Indian 
mi(ia. In the intervening period, 1922-1920, America was the 
biggest buyer of Indian mica. The American imports ccntK'd in 
New York, and it is to be presumed that the United States weie the 
chief users. During the last quinquennium Germany and France 
have become impurtaut purchasers of Indian micai. 

The method of recording the output of mica from the mines needs 
explanation. The figures supplied by various mining comjKinies 
and other producers are the totals of all the 
Production. mica obtained in thciir cutting and sorting 

sheds. No details are given, and there seems to he no mention of 
the rough mica from which the cut mica is obtained. In such 
circumstances, there must be considerable confusion if the rough 
mica is purchased from small vendors and cut and sold by dealers 
who have no mines and who, consequently, send in no retuiiis a 
condition which appears to prevail at present and which, from a 
statistical point of view, is unsatisfactory in every way. As seen 
in the accompanying table of production (Table 81), the out])ut of 
Indian mica (from the mines) is less than half the mica exported from 
India. It is true that there is a small import trade in mica (st*e 
Table 80), but this does not affect the situation. There is no doubt 
that the exports of Indian mica are double the recorded production 
from the mines. 
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By far the greater quantity of mica is obtained from .the workings 
in the so-called Bihar mica belt, which trends across parts of the 
Locaiuies districts of Hazaribagh, Gaya and Monghyr. 

Almost all the mica from that region finds its 
way down to Calcutta and is shipped from that port. The output 
of mica from the Nellore mines of Madras is normally exported from 
the port of Madras, while the annual production from Travancore, 
Mysore, and Hajputana usually finds its way to Bombay, where it 
is finally shipped for export abroad. Bihar and Orissa oeing the 
largest producer of mica, as seen from the table of production, it is 
evident, that the exports will be largest from the port of Calcutta. 

During the last eight years there are returns (see Table 80 below) 
which show that a certain amount of mica — chiefly block mica — ^has 
been imported into India from the United 
Kingdom, the United States, and Japan. 
In view of the brisk demand for mica splittings it is to be concluded, 
therefore, that this mica, whether it be Indian mica returned to tliis 
country or foreign mica, has been received for conversion into fine 
splittings and would then be re-exported as splittings of Indian 
mica. The production of fine splittings by hand is an art which 
is performed to perfection in India and is carried out at consider- 
ably less expense than would be possible in European coimtries. 


Table 80 . — Imports of Mica during 1921 to 1928. 



1921 

1922 

1923 

1924 

1925 

1920 

1927 

1928 

r ewts. 

3,187 

1,951 

3,204 

1,429 

4,054 

918 

1,568 

337 

Biocics . -s 









V Jis. 

5,93/)93 

1,83,933 

2,21,122 

1,84,912 

5,61,380 

1,30,045 1 

1,42,567 

60,912 

r cwts. 

845 

50 

267 

89 

96 

256 

76 

443 

aplittiugs 

Rs. 

l,44f061 

15,509 


21,080 

10,99a 

51,618 

7,910 

17,028 

r owts. 

4,032 , 

2,007 

3,471 

1,518 

1 

4,750 

1,174 

1,644 

780 

Total . < 

1 

7,38,634 

t,99,495 

2,31,639 

2,05,992 

5,72,586 

2,14,863 

1,59,507 

77,940 
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In no available publication has there been any adequate dis- 
cussion oi the complexities of the Indian mica trade, and parti- 

IIHclt dealing cularly of that large proportion of it which 

originates in the mines of Bihar (Hazaribagh) 
and is sent overseas, via Calcutta. It has been hinted on several 
occasions that the discrepancy between the recorded output of the 
mines and the export returns is chiefly due to the wholesale dealing 
in mica— especially in the area between Kodarma and Giridfli. The 
number of convictions for theft of mica show that several mining 
companies, usually the larger ones, must sufier loss from pilfering. 
Their mines are in lonely forest areas, their stores are occa^onally 
two miles away, and the transport of the days output (bundles of 
rough mica) is generally made after dusk. It is impossible to guess 
how large is the leakage en route if the guards connive at the trafiic. 
The receivers of this stolen mica may or may not bo owners of small 
mines ; they may not be classed, unri'strictedly, with the many vendors 
of cut mica (either dressed block-mica or splittings), from whom 
local purchases can be made openly. The local dealing in mica is 
of long standing and has frequently been of considerable convenience 
even to the biggest vendors ; it has enabled them to ])rocure certain 
sizes and qualities of mica to meet orders which they could not 
have met from their own mines. In the existing circumstances it 
would be almost impossible for a vendor to state precisely the source 
of origin of his mica, even if he were pressed to do so. Thus, in a 
sense, all 'purchasers of mica may or may not be open to the charge 
of illicit mica buying. 

The local Government of Bihar and Orissa, in consultation with 
the Director of the Geological Survey and the Chief Inspector of Minos, 

framed certain rules which aimed at restricting 

Mice Bill, 1927a .. •« . i • \x7i xi. 

the illicit trade m mica: When these measures 

were placed before the provincial Legislative Assembly they were 

rejected and, consequently, did not become law. The bill has since 

been emended in various details and is now being presented again. 

By a proper system of granting licenses (in addition to the usual 

mining leases), it is hoped to introduce some kind of control in the 

buying and selling of mica in Bihar. The prohibition against 

transporting mica by night has also received due consideration. 


The subject has been threshed out with care. Judging from the 
expoft trade it is evident that the mica industry is in a flourishing 
condition, and any injudicious interference may result in a serious 



81 . — Production of Mica in India during 1919 to 1923 and 1924 to 1928. 



(a) Xot available. 

ib) Exolndes 370*7 cwts. of rough mica. 











Table 81 . — Production of Mica in liidia iluritty 1919 to 1923 and 1924 to 1928 contd. 
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set back. At the same time, if no active measures are taken to 
protect the bigger producers, their operations may prove unprofit- 
able. Although India holds the premier position as a producer of 
of mica, she has not the monopoly she once had. The demands of 
consimiers are more exacting than they were and it is doubtful if 
the Indian mica industry would long retain its present prosperous 
position once the larger mining companies were obliged to close 
down owing to excessive leakage and consequent loss of profit. 

The chief mica mining areas in India are those of Hazaribagh 
in Bihar and of Nellore in Madras. Mica has also been obtained 
from workings in the Eranial taluk of Travan- 
reilcesf” occur- Hassan district of Mysore and Ajmer 

in Rajputana. 

The ‘ mica belt ’ of Bihar obliquely traverses the districts of 
Gaya, Hazaribagh and Monghyr, along a strip about 12 miles broad 
and over 60 miles long. A large number of the more important 
workings are situated either in, or in the vicinity of, the Kodarma 
forest. The local names of Kodarma, Domchanch, Dhab, Gawan, 
Tisri, etc., are familiar to mica dealers in London and elsewhere. 
By far the larger proportion of the Indian output of mica is obtained 
from the Bihar mica-belt, although the mica is often commercially 
spoken of as Bengal mica or Bengal ruby mica^ because the sheets 
in sulficient thickness have a beautiful ruby colour — a characteristic 
of the muscovite from the Hazaribagh district. Another but 
secondary characteristic of the area is the fact that garnets found 
in association with mica in Bihar occur in the crystal habit known 
as the icositetrahedron. 

The mica mines of the Nellore district of Madras are situated 
on the eastern half of the Madras coastal plain between latitudes 
14 and 15, over a tract of country some 60 miles long and 8 to 10 
miles broad. As in the Bihar belt, where beside primitive borrow- 
ings there are modern mines, so in the Nellore district, although the 
great majority of the mines are merely open quarries, Tellabodu, 
Kalichedu and some other mines are worked on up-to-date lines. 
Madras mica generally has a characteristic green colour thought 
to be due to traces of chromium in the piuscovite from that area. 
However, brown mica, not unlike ruby, occurs at Kalichedu and 
along the pegmatite strike there. Associated with the mica are, 


^ Dating from the days before the pr.^vinoe of Bihar and Orissa was formed. 
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as will be seen below, several minerals, amongst which are to be 
seen garnet crystals in the dodecahedral habit. The garnets of 
both Nellore and Hazaribagh are of the same variety although they 
have different crystal shapes. 

The distinction, which is apparent in the prevalent methods 
of working in Bihar and Madras, is also noticeable in the preparation 
of mica for the market in the two areas. Tn the Bihar belt all the 
mica is sickle-trimmed into irregularly shaped blocks, while the 
Nellore mica is trimmed by shears into rectangular shapes and 
classified and sized with meticulous care for excise purposes. Tlie 
Bihar block mica is thicker than the shear-trimmed Madras nmterial. 

There is a great similarity in the mode of occurrence of mica 
in pegmatites throughout India and it is thought that a description 
of the mining operations undertaken by the Geological Survey of 
India at Jorasemar near Kodarma on behalf of the Ministry of 
Munitions, London, may not be out of place. The workings were 
opened late in 1917, and closed under the charge of the writer in 
1919. 

Tl\e prevailing rocks at Jorasemar are varieties of mica-schist 
in a narrow strip which terminates about \\ miles to the east of 


Qovernnicnt mica 
mines, Jorasemar. 


Jorasemar camp. Tlie mica-schist band is 
about a mile broad from north to south at the 
camp itself and trends away westward to join 


the large area of mica schists in the Government Keserve forest 
north of Kodarma. At Jorasemar the mica-schists appear to lie in 


a synclinal fold of the gneisses of Bihar. The foliation strike oi 
both gneisses and mica-schists is invariably E—W. Tlie foliation 
dips are usually very steep (frequently vertical), in some ex- 
posures northward and in others to the south. Local variations 
in strike and dip are by no means uncommon— anticlinal pitching 
folds, evidences of puckering and apparent thrust-faulting in minia- 


ture being often observed at various places. 

Irregular, elongated, lenticular outcrops of pegmatite traverse both 
the gneisses and mica-schists. There is usually a parallelism betw^een 
the strike of the pegmatites and the foliation planes of the enclosing 
gneisses or schists. Pegmatites may, however, traverse the foliation 
planes obliquely or even at right angles. As a result of experience the 
local miners have discovered that it is useless, as a rule, to look for 


mica of workable quantity and quality in those pegmatites which 
traverse the gneisses or in those schists which are markedly non- 
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micaceous. Most of the marketable mica of the Hazaribagh district 
appears to be won from pegmatites traversing mica-schists. It 
does not stand to reason that all pegmatites which traverse mica- 
schists ar(i worth exploiting. Tliey are not. Each pegmatite 
varies in the value of its marketable mica-coiitent and the latter 
can only be determined by actual exploration. Tlie tendency, 
therefore, is to asso(;iate the mica, whicli is worth mining, with 
areas in wdiic-h mica-schists occur and to prospect pegmatites whicdi 
traverse tliese mica-schists. This association holds good in many 
parts of the district. 

The pegmatites of Jorasemar have been found to he exceedingly 
erratic both in continuity and shape. They have, however, one 
common feature, and this is that, though keeping a rough parallelism 
with the foliation ]danes of the enclosing mica-schists, tliey pitch 
or plunge dowm, at a slant to the dip of the foliation plane, in a 
direction always towards the west, t.e., away from the point where 
the schists themselves pinch out. None of these pegmatites have 
a greater thickness than 15 feet, and of those which have been 
worked to any considerable extent, few” continue more than 100 feet 
without change in strike, dip, tliickness or in the richness or quality 
of their mica-bcaring contents. 

The area contains many pegmatites, some worthless from a 
mining j)oint of view, others remarkably prolific in certain portions 
of the pegmatite. Some of the larger pegmatites are clearly asso- 
ciated with lines of faulting and special buckling of the schists, 
the faulting being shoivn by slickensided surfaces. The faults appear 
to have been formed before the larger mica crystals had developed, 
for the crystals thongli at times badly buckled and cleaved could 
not have survived the intense contortion to which the schists owe 
their origin without complete destruction from a marketable stand- 
point. 

Enrichments of mica are not uniform throughout the section 
of a pegmatite, nor are the minerals composing the pegmatites 
equally disjfWBcd. Pockets of isolated crystals of muscovite mica 
invariably occur to one side or other of the body of the pegmatite. 
The central mass of the deposit is usually composed of a core of 
granular, pehicid quartz in wliich beryl and tourmaline crystals may 
be totally enclosed. On each side of the quartz core there is usually 
a margin of felspar and it is, most frequently, at the junction of this 
felspathic margin and tlie central quartz core that the largest 
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‘ books ’ of mica are found. Marketable mica is also to be found 
in certain pegmatites near the actual contact with the schists, 
either on the hanging-or foot-wall side. Large crystals of garnet 
occur in about the same situation while tourmaline is common in 
the margin and in the quartz core. Apatite in varying quantities 
is found in almost every one. of the larger pegmatites. 

Jt was hardly possible to say from day to day how a working 
was going to turn out in the next three or four days, and this state 
of uncertainty continued to the day of closing down the mines. Out 
of at least 100 places, which were either taken over from petty con- 
tractors, or re-opened from a disused condition, or started from new 
ventures, only five showed comparative steadiness for any length 
of time from the day they were put in working order. 

As most of the pegmatites were of no great size, in nearly all 
cases each working place required its own entrance and separate 
airangemcnts for hoisting and pumping. Tn the larger pegn)atitcH, 
the shape and position of the rich mica-bearing i)ortion wer(‘ usually 
found to be so disposed that it was difficult to arrange for more tliaii 
three or four working places. 

TIk' production of large quantities of mica, other things being 
equal, depends entirely on the number of productive working places. 
Tf the development has to be done on numerous small pegmatites, 
as detailed above, then working costs will be greater than those of 
the exploitation of an equal number of working faces in a single large 
pegmatite. 

At Jorasemar the production simply depended on finding and 
oj)enjng up more and more working places. As labour became 
available the output steadily rose and the maximum output would 
have been reached when every possible workable pegmatite Juid 
been opened or when the maximum permissible exp(*nditurc was 
being incurred. Practically no machinery was found necessary 
other than that worked by hand. Buckets ajid hand-pumps were 
found sufficient in dealing with the small quantities of water that 
accumulated in the workings. Shear-legs, a swinging derrick, a 
capstan, three crab winches and a few single sheave pulley-blocks 
comprised the most complicated forms of hoisting apparatus 
necessary for these simple mines. 

In proportion to the development work, someAvhat large 
quantities of explosives were used. Small and frequent charges 
of 40 per cent, dynamite were utilised in loosening the matrix in 
which the larger crystals of mica were embedded. These ‘ shots ’ 
were so fired as to leave the mica undamaged and yet save the 
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laborious cliiselliug that would otherwise have been necessary to get 
out the ‘ books ’ intact. Candles were exclusively used fpr lighting. 
There W'^as also a heavy wear on the drills owing to the practice 
of prising up rock loosened by ‘ shots ’ ; breakages became so 

frequent that a portable forge had to be placed near the more 

distant workings and the sirdars warned that crowbars were to be 
used in place of chisels. Timbering was occasionally necessary in 
the mines, especially when working in the neighbourhood of 

slickensided surfaces. The mouths of many of the shafts had also 
to be secured by ‘ collar sets’, but most of the shafts were safe if 

thatched shelters were built over them to prevent rain beating in. 

The rough books of mica were split or cleaved into thick plates 
at the mines and the worthless pieces thrown away. After hand- 
picking the plates were tied into bundles of about i50 lbs. weight 
each and carried to the godown where they were weighed and stored, 
the bundles of large mica being kept separate from the small or 
‘ ruddi ' bundles. 

Each morning rough mica was issued to the cutters for sickle- 
trimming. Useless pieces were cut away, flaws removed and rough - 
dressed plates of block mica obtained. On an average 100 cutters, 
of varying degrees of efficiency, were able to deal with 60 maunds 
of Jorasemar mica and ]>roduce 10 maunds of sickle-dressed ruby 
(S. D. B.) block. The waste is, therefore, nearly 80 per cent, of the 
mica brought from the mines. To obtain 20 per cent, of cut mica 
is considered a very good performance ; the average of the district 
varied from 10 to 14 per cent. 

The cost of cutting varies. Good cutters or sickle-dressers 
get as much as nine to ten annas a day while women, working less 
efficiently, earn three to four annas daily. The average cost at a 
rate of Ke. 0-6-6 works out to about Rs. 4 per maund of cut mica 
obtained. 

The sickle-dressed or cut mica was next sized in the sorting 
department to the following scale 

Square 

inches. 


Specials 
No. 1 
No. 2 
No. 3 
No. 4 
No 6 
No 64 
No. 6 
No. 7 {a) 


. . 36 to 48 

. 24 to 36 

. . 15 to 24 

. . 10 to 15 

6 to 10 
. 3 to 6 

. . 24 to 3 

1 to 24 
• Less than I 


(a) This small sizo has heen utilised comparatiTelj recently., 
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The following table gives the percentage proportion of the 
various sizes and qualities obtained by sorting from a month’s supply 
about 400 maunds of cut (S. D. B.) mica. 


Quality. 

Clear. 

Slightly 

Btaiued. 

Fair 

stained. 

Stained. 

Waste. 


Size. 








Sjieoials . 




nil 

o*oo§ 

0*010 

0*005 

0*100 

No. 1 




0016 

0*040 

0*020 

0*045 

0*160 

No. 2 




0*035 

0*090 

0*055 

0*200 

0*160 

No. 3 




0*080 

0*160 

1*00 

0*260 

0*250 

No. 4 




0*380 

0*800 

0*480 

1*380 

0*300 

No. 5 




MOO 

2*000 

0*900 

6*000 

0*650 

No. Cj , 




0*640 

1*300 

0*020 

4*200 

0*350 

No. 6 




1*600 

4*700 

0*200 

65*500 

1*060 

Rough films 




Total . 

4*000 


Total 

waste. 

3000 

S. D. films 




Total 

4*680 





The above figures may, therefore, be taken as representing a 
true practical test, so that for every 100 maunds of cut unsorted 
mica only 88 maunds were shipped as block (S. D. B.) and some 8^ 
maunds were available as films for local sale. This 100 maunds 
of cut mica represents the cutting of 500 maunds of rough mica. 
For every 2 maunds of rough mica brought to the godown nearly 
1 maund is discarded in picking while making up the bundles at 
the mine ; 750 maunds of mined mica, therefore, give 100 maunds 
of cut nnsorted mica. 

The average mica contents of the workable portions of pegma- 
tites varies greatly — from 3 to 10 per cent, with an average of about 
6 per cent, of mica in the total rock excavated ; this works out to 
less than 1 per cent, of cut or marketable mica from the rock exca- 
vated. It would represent a very low grade ore in a metal ore 
Tnini ng proposition. Unlike the mining of other minerals where 
every particle of the substance is valuable it is the quality as well 
^s the size of the product mined which is of importance in mica 

s 
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mining. The objective is to produce the largest possible . quantity 
of clear sound mica. It should be free from flaws, cracks or other 
deleterious defects and in as large pieces as possible. Frequently 
large ‘ books ’ of mica are obtained, 1 to 2 feet across, out of which 
it is perhaps impossible to get a single piece of stained Number 6, 
owing to the heavily stained, flawed and buckled condition of the 
plates, or to ‘ jatai ’ by which is meant an interlocking of cleavage 
plates so that the laminaa are stuck together and do not easily come 
off or split into the clean-surfaced thin sheets known as splittings. 

From the ‘ sizers *, 8 of whom can easily handle 10 maunds 
of cut mica per day, the sized mica is passed to the " graders 
Twenty graders should deal with 10 maunds of sized mica in a day. 
In the process of separating out the various qualities small cracks 
or flaws or a film or two have frequently to be removed from the 
mica platen. There is thus a slight loss in waste and the production 
of some films. Nine maunds of mica worth shipping out of 10 
maunds was the proportion obtained at Jorasemar with ^ maund 
S. D. films and ^ maund of waste. 

Holland (Mem. Oeol. S}irv. India, XXXIV, 

^^pegmatltcV”*^* gives the following analyses of 

Indian mica (Bengal muscovite) 


(i) Por coat, (ii) Por oeufc. 


SiOa . 

• 







. 45'67 

46-71 

01,0, 

a 


• 





36-72 

30-67 









0-95 

1-19 

FeO , 



• 

• 




1-28 

1-07 

MgO . 



• 

• 




0-38 

0*71 

CaO . 



• 

• 




0-21 

0-46 

K«0,. 








8-81 

9-22 

Li,0 . 

9 



• 




019 


NajO 

• 



• 




0-62 

0-79 

F . 

9 



• 




0-16 

0-12 

H,0 • 








6-05 

4-83 









99-93 

PIlOO-67 

8p Gr 

• 



* 




2-831 

2-830 


In the majority of cases biotite is also present in association 
with muscovite-bearing pegmatites. This black mica, however, is 
not at present utilised ; it contains a larger percentage of FeO (16 
per cent.) but less HgO (2 per cent.) than muscovite. The otW 
associated minerals in a mica-bearing pegmatite are massive granular 
quarts, coarse aggregates of orthoclase (microoline) felspar, tourma- 
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line, garnet (common iron), apatite and beryl. In certain rare 
cases samarskite (Sankara mica mine), pitchblende and monazite 
have been found (Abraki Pahar, Gaya district). The degree of 
coarseness in the texture of the pegmatitic constituents indicates 
quiescent conditions suitable for slow crystallisation. The pegma- 
tites stand in striking contrast with the mica-schists and gneisses in 
which they occur. These rocks are nothing like so coarse-texturcd ; 
their minerals are orientated parallel to the foliation planes and there 
is abundant evidence of buckling, puckering and crushing. The 
most careful scrutiny fails to discover any thermal metamorphism 
at the contact between the pegmatite and the enclosing schists. 
In some cases the pegmatites are known to form simple lenses in the 
schists entirely unconnected with any larger mass of pegmatite. 
Many of the larger pegmatites have been proved to have no connec- 
tion, other than perhaps the plane of a fault, with any other pegma- 
tite and certainly with no granitic intrusion in the immediate vicinity. 

From the above-mentioned facts and data it is evident that 
in the majority of cases the mica-bearing pegmatites of Jorasemar 
are not, primarily, of igneous origin. The field evidence points to 
these lenticular luasses of coarse-textured granitoid rock as being 
the re-crystallised products of the mica-schists themselves. The 
digestion and re- crystallisation has, however, been localised to 
certain particular parts of the metamorphic schists. Careful investi- 
gations at Jorasemar appeared to indicate that such re-crystallisa- 
tion was best developed in the arches and troughs of folds, in certain 
fault zones where great crushing took place, or at places where, 
although no appreciable dynamic forces developed, the static pres- 
sures must have been very large. In these circumstances one 
is led to the possibility that many of the pegmatites of the mica- 
schists of Bihar and Madras are a large scale representation of the 
phenonicna, carried to completion, so evident in the ‘ spotted slates, 
which so often mark the beginning of change in argillaceous sediments 
since in the^e we see the jDrocess arrested at an early stage.’ (Marker, 
‘Natural History of RMoks, ’ p. Ixxi). 

It is unnecessary to state in detail the various purposes for which 
mica is required. Sheet mica has been largely used for stove and 

Uses of mica ftirnace windows, for gas lamp chimneys and 

shades, etc., but the chief use is for electrical 
purposes as an insulator, e.g., for separating commutator segments 
in dynamos, for electric heaters and cookers, in electric condensers, 

s2 
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as washers in sparking plugs, bolts and screws; etc. Formerly 
size No. 5 was the smallest piece of sheet mica utilised ; during the 
war the utility of smaller sheets (Number 6) was demonstrated, and 
now size Number 7 is a marketable product. This is largely due 
to the development of the micanite industry. Micanite is really 
the built-up sheets of the smallest, thinnest films of mica which are 
cemented together with shellac dissolved in spirit. The ‘ made ’ 
sheets can be built to any size and thickness. They require to be 
steamed, pressed and rolled and can in the pressing be moulded to 
almost any desired shape. 

Mention was made of the fact that, although India is the 
largest producer of mica in the world, practically the whole output 
is exported. Attention was also drawn to the fact that mica splitt- 
ings are most cheaply and efficiently made in India. When it is 
remembered that India holds a monopoly in the production of shellac 
it is difficult to understand why this country does not hold a predo- 
mmant position in the manufacture of micanite. 

There are numerous published papers which deal with the mica 
occurrences of India, the British Empire and other countries, and 
with questions of the marketing of mica generally. Amongst these 
are the Quinquennial and Annual Reviews of mineral production 
by the Director of the Geological Survey of India (published in the 
Records of the Department) ; Sir Thomas Holland's monograph on 
Mica {Mem. Geol Surv. Ind,, XXXIV, Pt. 2); T. H. LaTouche’s 
Annotated Index of Indian Minerals of Economic Value ; Dr, J. 
Ooggin Brown's compilation of the trade and marketing of mica 
(Bull. No. 16, Indian Industries and Labour) ; the brochure on 
‘ Mica ’ issued by the Imperial Mineral Resources Bureau ; a 
pamphlet on ‘ Mica ' by Oliver Bowles (Serial No. 2357, Reports 
of Investigations, Bureau of Mines, Department of the Interior, 
U. S. A.) ; and a ‘ Note on the Marketing and Utilization of Mica ’ 
by G. Vernon Hobson (Bull. No. 40, Indian Industries and Labour) 
and also his paper * Mica and its International Relationships ' 
{Trans. Inst. Min. Met., Vol. XXXVI, 1927, pp. 337—395). 

Mr. Hobson’s note above referred to is probably the most 
valuable contribution by an inspecting officer on the subject of the 
Conclusion utilisation of Indian .mica. He made a care- 

ful examination of the mica occurrences in 
India and subsequently (1927) continued his investigations in the 
United States, Canada and Great Britain. In thp United States 
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his enquiries extended to some of the largest consumers of mica. In 
Canada he visited the following phologopite mica mines : — the 
Lacey mine, near Sydenham, Ontario, and the Blackburn mine in the 
neighbourhood of Buckingham, near Ottawa. In Great Britain, 
besides consulting various large consumers, he followed the writer’s 
example by visiting the great micanite works at Walthamstow. 
With this experience and knowledge, Mr. Hobson, in a considered 
summary (Bull. No. 40, Indian Industries and Labour, 1928, p. 17), 
says ‘ To summarise the situation, it appears reasonably certain 
that the market for mica will be a steadily increasing one and that 
the demand for splittings will increase at the expense, to some extent, 
of that for block mica.* 

‘ The Indian position in the market is still one of great strength, 
the increase in the demand for splittings contributing very consider- 
ably to this strength. The demand frequently made by consumers 
for Indian mica only, is often based, not on any intrinsic supi^riority 
of Indian mica over that from other countries, but on the more 
satisfactory grading and marketing of the product. It is pomted 
out, however, that other countries arc now alive to these facts and 
the Indian producer must not, because of the commanding hold 
India has on the market, be led to relax his efforts, instead he should 
by constant attempts improve the condition in which his product 
is marketed, so as to offset the growing competition from other 
c*,ountrios.’ 

‘ It is necessary that immediate steps should be taken, by the 
proper authority, to ensure the protection against illegitimate trading 
that the producer may fairly look for, and thereby dissipate tlu'. 
feeling of doubt as to the security of future Indian supplies that Ls 
spreading among consumers ; for consumers may otherwise turn thiui 
attention to other sources of supply.’ 

‘ The producer, when thus juotccted should, as the owners of 
the natural asset have a right to expect, turn his attention to more 
up-to-date methods of exploitation and should no longer be content, 
or be allowed, to remove the superficial mica in the cheapest possible 
way, if thereby the hazard and expense of future work bo increased.’ 

‘ At present the elimination of the broker does not appear practi- 
cable, but producers by the avoidance of certain business methods 
and practices, as enumerated, can do much to foster direct trading. 
With the elimination of mutual distrust amongst producers and the 
growth of a spirit of mutual help the development of a scheme of 



254 Records of tltc Geological Survey of India. [ You 

co-operative marketing appears to offer distinct possibilities ; whilst 
trade propaganda to encourage the wider use of mica appears to be a 
logical amplification of the publicity work undertaken by the mica- 
plate manufacturing firms, which only partially covers the field/ 


Monazite. 

[E. H. Pascoe,] 

Monazite, an anhydrous phosphate of the rare earths of the 
cerium group, including especially cerium, lanthanum, neodymium, 
praseodymium, yttrium and erbium, owes its 
economic valium to the small anil variable 
percentage of thorium oxide which it contains. Although a market 
is being developed for some of the other rare earths in special types 
of arc-lamp electrodes and in the manufacture of special optical 
glasses, the thoria content is that which gives the mineral its 
commercial importance. This thoria constitutes the raw material 
in the preparation of thorium nitrate used in the manufacture of 
incandescent gas mantles. The percentage of thoria in monazite 
varies between 1 and 12, but mineral containing less than 3^ per cent, 
cannot be used remuneratively in the manufacture of thorium 
nitrate. 

Up to the year 1895, the wiiou^ oi the supply of monazite 

was derived directly or indirectly from the Carolina deposits worked 
principally by the Welsbach Light Company of 
Sources of the world^s York. In 1895, the sands of the Brazilian 

coast were first worked by the German 
Thorium Syndicate and the Austrian Welsbach Company and caused 
keen competition. The Brazilian deposit being very uniform and 
considerably richer and more easily available than the Carolina 
deposits, the American company w^as forced to suspend operations 
in May, 1910, and practically the whole demand was met by the 
German and Austrian companies under agreement together. Owing 
to its occurrence on the sea-shore of Brazil and the very low cost 
of transport, the German Thorium Syndicate was able to lower the 
market price of thorium very considerably in spite of the fact that 
they paid, according to report, about half their profits in royalties 
to the Government of Brazil. Most of the production from the 
ore was exported to Germany. 
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The Brazilian industry, being in the hands of Germans and 
Austrians, declined as soon as the War broke out, and in 191G the 
production was nil. The recovery subsequent to that year was 
of a spasmodic nature. In 1920, the last year for which figuies 
are available, the Brazilian output amounted to 1,153 metric tons, 
but in the previous year the amount was only 146 tons. The average 
for the four years 1919-22 was about 437 metric tons ; since 1923 no 
production has been reported but quantities up to 200 long tons 
were exported. Tlic United States industry was always very 
small and no statistics have been published since 1917 ; a small 
export of gas mantles has however pVsisted. 

Karl)^ in the century monazite was proved by the Imperial 
Institute to occur in association with the much more valuable 
_ , thorianite and thorite in Ceylon. The total 

ra\ancore nionaz le. of thorium-bearing minerals Iron) 

that country, however, up to and during 1922, amounted only to 
some 311 tons. In 1909, nionazite-bearing sands were discovered 
by Mr. C. W. Schomburg of the London Cosmopolitan Mining Syndi- 
cate on the Travancorc coast. Mr. Tipper, who inspected the 
deposits, states that the mineral is known with certainty to occur in 
pegmatite intrusions but is probably mainly derived from the gneisses 
of the Travancore hills. The mineral occurs in small, round, amber- 
coloured grains varying from 0*J to 0*2 millimetre in diameter. Its 
demsity is 5*191 and its refractory index is also very high. The best 
means for identification in the field is a Browning direct-vision 
spectroscope in which the didymium lines can be observed. Tlie 
mineral forms one of the constituents of the sands along the sea- 
shore, and contains between 8*8 and 10*08 of thoria. India possesses 
by far the largest reserves of monazite known in the world, and these, 
as regards quality measured in terms of thoria contents, are superior 
to any others. In certain places selective action by the waves on 
tl.e sands has led to the concentration of large quantities of monazite. 
By mechanical means this sand can be further concentrated.^ 
Work was commenced in 1911, by f-he London Cosmopolitan Mining 
Company. This was replaced by the Travancore Minerals Company 
who as a result of the War had been purged of their German 
interests. Thorium Limited also held a concession, but ceased 
operations during the quiquemiium under review. Messrs. Hopkins & 
Williams are still producing. 

» Hec. Oeol Svrv. Jnd., Vo!. XLIV, p. 286 (1914). 
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During 1921, the production figure reached 1,260 .tons, valued 
at nearly £31,000, but fell to 1 cwt. in 1925. The decline in the mona- 
zite industry has been world-wide and due to the supplanting of 
incandescent mantles for gas-lighting by electricity. There has 
been an appreciable revival since 1926, due to the increasing demand 
for ilmenite (g. i;.), a mineral associated with monazite and obtained 
as a kind of by-product with the collection of the latter. The 
average annual output of monazite in India for the past five years 
amounted to 214 tons worth £3,060 ; the whole of it goes to 
London, New York and Hamburg. 

Th^ output and value of the past 10 years are shown in the 
following table : — 


Table 82. — Production of Monazite in Travancore State. 


Year. 

Quantity. 

Value. 









Tons. 

£ 

1019 

• 

m 

• • 

• 

• 

• 

• 

2,023*7 

60,712 

- 

1920 

• 


• m 


• 



1,641 

49,231 

1921 



• 4 





1,260 

30,960 

1022 



• • 





125 

1,871 

1923 



• • 





240*3 

3,697 

1924 



• • 





622*3 

9,301 

1925 

• 


• • 





(a) 

•• 

1926 

• 


• • 




* 

04*2 

947 

1027 

• 


• • 





2800 

3,810 

1928 

m 

• 

• 


• 

• 

• 

103*4 

1,242 


(a) The production amounted to 1 cwt. only. 
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Monazite also occurs in the sands to the east of Cape Comorin, 
in the Tinnevelly district and again near Waltair in Vizagapatam. 

Olh*r Indian Iodines. ^ crystalline variety contaming only 2i ^r 
cent, of thorium has been found m pegmatites 
of the Bangalore district, Mysore State.^ 

More recently a large number of beautiful crystals of this mineral 
have been found with pitchblende and columbite in pegmatites in 
the Gaya district, Bihar and Orissa.^ It has also been found in 
minute quantities in concentrates from Tavoy and Mergui.® 

TJionamte? — A black mmeral doubtfully identified with thoria- 
nite has been discovered at Thadagay hill, Travancorc. * The 
mineral is apparently isometric. The specific gravity is extremely 
high, namely 10*03. Owing to the paucity of material a partial 
analysis only could be made, and this gave as the principal consti- 
tuents, thoria 32*3 per cent, and uranium oxide 40 per cent. The 
identity with thorianite is very doubtful and it might easily be a 
variety of uianinite. More is required to be known of this in- 
teresting find. 


Petroleum. 

[E. H. Pascoe.] 

During the five-year period 1914-18, the total production of 
petroleum in the Indian Empire exceeded that of the preceding 
quinquennium by some 212 miUioii gallons. 
Tofa product on. During 1919-23, there was a further total 

increase of 84^ million gallons. The quinquennial period under 
consideration shows a decrease of over 45'J million gallons, ful- 
filling thus the forecast made in the Review for 1919-23 {Rec. 
Geol. SuTV. Ind,, Vol. LVII, p. 254). The peak years of earlier 
periods weie 1916, with a production of 297,189,787 gallons; 
1919, with a production of 306,749,138 gallons; and 1921, with 
a production of 306,683,227 gallons. In spite of the fall in 

^ Mineral KcEOuices of the Mysore State, p. 191. 

> Bee. Oeitl. 8urv. Ind., VoL L, p. 266 (1919). 

» Ibid, Vol. XLVni, p. 179 (1917). 
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average output in the 5 years under review, the last year, 1928, 
was responsible for a record production of 305,943,711* gallons ; the 
prestige of this year was, however, discounted by a fall in value. 
Taking value in rupees as a criterion, 1922 holds first placti with 
the figure Rs. 10,80,37,412 (Rs. 15==£1) ; taking value in sterling 
as the criterion, 1920 leads with the figure £8,017,820 (£1— Rs. 10). 
The value figure for 1928 was only Rs. 5,78,10,387 (£4,314,208) 
(£l=Rs. 13*4). The average annual production during 1924-28 
was about 290J million gallons, against an average of 299J million 


gallons during the previous 


If the intensive drilling 


carried on during 1928 be continued, it will be possible to maintain 
or raise this average figure during the next five years. 

India still contributes only a very small proportion of the world’s 

marketed supply ; in 1923, it was 0*83 per cent. ; m 1928, only 0-685 

per cent. In 1924, India stood 8th on the list 

The world's production. . ^ ^ n 

of petroleum-producing countries of the world ; 

in 1928, she had dropped to 11th place, having been overtaken during 

the intervening years by Columbia, Peru and Argentina. There 

seems every prospect of her being farther ousted by Trinidad. 

The outstanding features of the past five years were : the rapid 
decline in Mexico, whose output in 1927 was less than half what 
it had been in 1924 ; the enormous rise in the United States figure 
during 1927 (133 million barrels, i.e., the equivalent of 4,655,000,000 
Imperial gallons or India’s total production for the past sixteen 
years !) ; the continued rapid restoration of Russian output to pre-war 
figures ; the enormous stride in Venezuela from 9 million barrels 
ill 1924, tn seven times that figure in 1927, and second place in the 
world’s list of producers in 1928 ; a doubling of their production 
on the parts of Roumania and Argentina. The United States of 
America have now adopted a conservative policy, and this is likely 
to have a restraining effect upon the world’s production figure in the 
early future. The States, nevertheless, contributed over 67 fier 
cent, of the world’s supply in 1928, mostly from the mid-continent 
and the Californian fields. The decline in Mexico was due largely 
to adverse legislation. In 1928, Venezuela was responsible for over 
8^ per cent, of the world’s supply, and Russia— third on the list — 
for about 6J per cent. Mexico comes fourth on the list and Persia 


fifth. The Dutch East Indies, with the support of the growing 
Sarawak field, stands sixth, followed in order by Roumania, 
Columbia, Peru, the Argentina, India and Trinidad. 
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Table %'A.— Production of Petroleum in India during the years 1924 

to 1928. 



Quantity. 

Value, 


Gallons. 

Metric tom {a) 

Rs. 

£. 

1924 

294.671,092 

1,183,019 


(6) 7,559,233 

1925 

289,(506,542 

1.163,078 

1 0, 29, H 1,666 

(r) 7,740.727 

1920 

280,309,326 

1.126,981 

93,627 

((/) 7,305,509 

1927 . . . j 

281,113,909 

1,128,972 

5,92,47,676 

(d) 4,421,4(58 

1928 . . . * 

.‘505.943,711 

1,228,680 

5,78,10,306 

{d) 4,314,207 

A veraye 

i‘!)0,:w,03e 

1,106,948 

8,45,95,379 

6,268,229 


(a) Th« nietiit* ton is aesunaocl to bo eqiiivalont to 240 Tmponal jrallonp ciiule 
petrolonin, of an average a})ecjtic? gin's itv of about ()-88f). 

(/-) £1=-Rs. 13-9. 

(c) £W-Rs. 13-3. 

{d) £1=-Rs. 13-4. 


World’s consumption. 


The world’s consumption of petroleum has been increasing by 
leaps and bounds and, should aviation ever become the craze that 
motoring has, the exhaustion of the supplies of 
the natural fluid is well within sight. AtteU' 
tion is being directed more and more towards oil shale and theie 
is little doubt that this and the exploitation of natural petroleum 
by mining methods will be the immediate remedies for the coming 
shortage. The enormous size of the oil shala deposits in the world 
is insufficiently realised, and the amount of crude oil ultimately 
obtainable therefrom is probably many times the ultimate total 
supplies of the natural fluid^ ; the United States is again the 
favoured country in this respect. The final remedy for the exluius 
tion of mineral oil will consist of oils and alcohols derived from 
vegetable or possibly animal sources, but there is little chance 
of such substitutes becoming in any way competitors with natural 
petroleum or with oil shale for many years to come. The natural 


^ PreBideDtial Address, Mining and Geological Inst, of India, Trans,, Vol. XIX, 
pp. I»-50 (1924). 
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Import duties. 


Bupplanter of the liquid mineral will be oil shale and the process 
of supplanting will most probably commence within ‘the next 
30 years. 

Consumption of all forms of mineral oil is still on the increase in 
India and there persists a large market in India and Burma for 
foreign oil, which has to pay an import duty. 
From the 1st March, 1922, up to and includ- 
ing 1924, the duty on motor spirit and kernsene was annas per 

gallon. On the 1st April, 1926, the duty on motor spirit was 

raised to 4 annas and remained at this rate until the 28th February, 
1929 ; the rate on kerosene remained the same throughout the 

period. Up to the 1st April, 1926, jute-batching oil, lubricating 
and fuel oil of a flash-point of over 150°F. paid an import duty of 
per cent, ad valorem. Since the above date jutc-batching oil 
has paid a duty of Ks. 10 a ton, and lubricating oil a duty of 1 anna 
4 pies per imperial gallon, the duty on fuel oil remaining constant, 
i.e. at 7^ per cent, ad valorem. 

The average annual imports of foreign mineral oil into India 
during the financial years 1918-19 to 1922-23 amounted to 
117,241,203 gallons valued at Rs. 7,07,21,197, 

and showed an increase of about 27 1 million 
gallons over the average annual imports during the previous five 
years. The average annual imports during the period under review 
amounted to 194,618,757 gallons, valued at Ks. 9,42,61,445, indi- 
cating an increase of over 77^ million gallons. The impoi*ts have, 
in fact, shown a steady expansion- with an interruption during 
1926-27 — from a little under 169 million gallons in 1923-24 to 
nearly 232| million gallons in 1927-28. The chief feature of the 

period under review is the steady increase of imports from Persia 
at the expense of those from the United States. Whereas be- 
tween 1918-19 and 1922-23, the United States of America headed 
the list of India’s suppliers with a contribution of 40 per cent, 
of the total, and Persia stood second with a contribution of 32*4 
per cent., positions between 1923-24 and 1927-28 were reversed and 
Persia now stands first with a contribution of 38'2 per cent., the 
United States supplying only 34*8 per cent. The expansion of 
the Persian output was foretold in previous quinquennial reviews. 
The amounts supplied by Borneo show a steady increase which, 
however, has not kept pace with the increase from Persia and other 
countries. 



Table 84 . — Origin of foreign 3Iin€ral Oil imported into India during the years 1923-24 to 1927-28. 
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Table 86. — AnmidL value of Mimrcd Oil imparted during the years 1923-24 to 1927-28, 
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TOTAL . », 39,55, U2 9,35,1 l,(M»7 I»,»5,I5,829 8,89,19.552 I9,43,l»,633 j 9,42,51,445 7-7S 
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The values of the imported mineral oil during the period under 
review are shown in Table 85 ; the average annual value was 
, Rs. 9,42,61,445, as compared with an average 
of Rs. 7,07,21,1V)7 for the previous period. 
It should be noticed that in this table the United States is a very 
easy first, which means that although its contribution was less than 
that of Persia, the value of the oil supplied greatly exceeded that 
of the latter country. The average value per gallon of the oil 
supplied by America was, in fact, nearly four times the average value 
per gallon (»f tint supplied by the latter country. The average 
value per gallon of all oil imported during the five ymvii under consi- 
deration was As. 7*75 as compared with As. 9*65 in the previous 
five years. 

The annual exports of oil shewed a marked decrease compared 
with the figures for the previous quinquennium, and amounted, in 
fact, to loss than one-third of the latter ; read 
in conjunction with the large increase in 
imports (77 J million gallons) and the decline in production (9 million 
gallons), this means that India is rapidly increasing her consump- 
tion of mineral oil and is replacing her own deficiencies more and 
more from outside sources. The exports of paraffin wax increased 
by 263,696 cwt, (see Table 86). 

Table 86. Exports of Mineral Oil and Paraffin fVax during the 

years 1924 to 1928. 


Year. 

Mineral Oil. 

Paraffin wax. 







Gallons. 

Cwts. 

1924 






22,387,938 

588,140 

1925 

, 





12,816,274 

629,860 

1926 

, 





2,345,360 

812,460 

1927 

, 





154,478 

954,000 

1928 

• 





140,755 

903,520 




Average 

• 

7,568,061 

795,696 


petroleum. 


The petroleum resources of the Indian 
Occurrence of Indian Empire are confined to the sites of three 
ancient gulfs : 

(1) The Burmese gulf, covering what is now the basins of the 
lower Irrawaddy and its main tributary the Chindwin 
and opening southward into the Bay of Bengal. 
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(2) The Aflsam gulf occupying the middle portion of the present 

Brahmaputra and debouching into the Bay of Bengal 
via the modern Meghna basin ; and 

(3) The Punjab-Baluchistan gulf extending along the base of 

the Himalaya northwestward from a point opposite Naini 
Tal, and curving round through the Potwar plateau 
south-southwestwards through what are now the Balu- 
chistan hill ranges, to the Arabian sea. 

In all three areas the oil is associated with Tertiary strata, and 
has had probably similar conditions of origin in all cases. In 
Burma it is known to occur in beds of Nummuliiic age, but by far the 
greater niunber of seepages and all the fields of importance are in 
the next highest geological series, to which there is every reason 
to suppose the oil is indigenous. In Assam oil is found in a similar 
series. In the Punjab on the other hand it is the Nummulitic which 
is the predominant oil-yielding series, and although the only supplies 
which have so far proved of economic importance are found in the 
series above, there is good reason to suppose that the oil has migrated 
up from the Nummulitic below. Whether in Burma, Assam or 
North-West India, the occurrences of petroleum are always connected 
with an anticlinal structure. In the Yenangyaung field, the best 
known field of Burma, conditions have been ideal. The area lies 
on a N.N.W.-S.S.B. flat anticline, the axis of which by variation 
in pitch has produced a flat dome in the Kodaung tract. The 
rooks in this dome include several porous sands at various depths, 
each covered by an impervious clay-bed, which has helped to retain 
the oil until the impervious layers are pierced by artificial means. 

The provincial production of petroleum in India is shown in Table 
87. 

Table 87 . — Provincial 'production of Petroleum during the 'gears 

1924 to 1928, 

Provinces. 1924 1925 1926 1927 1928 

Gallons. Gallons. Gallons. Gallons Gallons. 

Burma . . 270,213.003 262,828,930 250,040,471 245,904,044 262,187,263 

Assam . . 12,976,249 18,730,412 24,098,635 24,542,265 31,602,288 

Punjab . . 11,383,440 8,047,200 6,230,320 10,667.600 12,264,160 

TOTAL, gallons 294,571,692 289,606,542 280,369,326 281,113,909 305^943,7 11 

Total, metric tons 1,183,019 1,163,078 1,125,981 1,128,972 1,228,689 
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With regard to the Punjab, the Khaur field possesses a Btructuro 
IKS favourable as that of Yenangyaung and is being successfully 
Punjab exploited. In many parts of the Punjab, 

however, and in the Baluchistan area the strata 
ha\c been too lightly folded, or the roek-folds have been too deeply 
truncated by agents ot denudation or have been dislocated by earth- 
movements, and much of the original stores of oil have disappeared ; 
oil seepages are common enough, but many of them seem to be 
j)iere ‘ shows ’ unconnected with reservoirs that can be tapped by 
artificial means.i In the Punjab, seepages or ‘ oil springs ’ have 
been known for many years to exist in the Kawalpiiidi district and 
further to the south-west, but the total output of the jrovinco up 
t<» 11)15 w^as negligible. From that year onwards, however, owing 
to the development of the Khaur field in the At took district, the 
ligure, though small at first, began to assume serious proportions, 
and will almost certainly expand still more in the near future. In 
lhl8^ it rose to over J million gallons, but no really big stride was 
made till 1922, when over million gallons were j)roduced ; in 1925, 
Ifiis output w’as increased to over 11 J million gallons. Then, 
followed a dc'olino. due partly to water trouble, to under million 
gallons in 1926. In 1927 and 1928, there were substantial rises, 
the production in the latter year being 12J million gallons. 

The chief features regarding exploratory work in the Punjab 
were the continued wajit of success in the boring o})erations on the 
neighbouring Dhuliaii dome. The Burma!) Oil Company in 1925, 
finally abandoned their test in the KhairjDur state after boring to 
the greatest depth at which any likelihood of production w as thoughl. 
possible. A boring put down by the Wliittdiall Petroleum Corpora- 
tion near Jhatla, and 8 miles south-west of J’alagang, is interesting 
as having, in the opinion of the Corjioration’s geologists, picrc(*d 
th(3 entire local sequence of Chinji, Kamlial and Murrec beds and 
to have entered the underlying Nummulitic ; although the great 
depth of 6,007 feet was reached, traces only of oil were eiicounter- 
(’d, and hone was struck in commercial quantity. The A\^hitehall 
Petroleum Corporation, after many years of expensive geological 
investigation and exploratory prospecting, have given up and left 
the country. The Attock Oil Company’s refinery in Rawalpindi 
w^as first opened in 1922. It has a capacity of some 80,000 gallons 

1 E. H. PasGoe : Pecroleum in the Punjab and N W. Frontier, JUiem, Geol. Surv. Ind.^ 
VoJ. XL, pt. a (1920). 

T 
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Baluchistan. 


per dtay but is capable of extension, should this prove, necessary. 
Petrol, kerosene, Diesel engine oils, lubricating oils of all descrip' 
tions, paraffin wax and candles arc all manufactured at the Com- 
pany’s plant. 

Attempts to develop the oil resources indicated by seepages in 
different parts of Baluchistan have not yet proved successful. The 
most prominent of these are near Khatan in 
the Mari hills and Moghal Kot^ in the She- 
rani country, where small oil occurrenciis are known. The Moghal 
Kot area forms a very open anticlinal fold with a pitch of its axis 
towards the E.N.B. Unfortunately, the anticline coincides more 
or less with the gorge of a river, by which much at any rate of any 
oil previously present must have been liberated. In the Khatan 
area some dozen wells were drilled by Government many years ago, 
two of which reached depths biitween 1,100 and 1,400 feet ; produc- 
tion never rose beyond a few thousand gallons a month. A shallow 
well was also drilled at each of the places, Kirta, Spintangi, Chhappar 
Rift,® and Sukkur.® The Kirta area is again b(‘hig tested by the 
Burmah Oil Co., who are also putting a boring down in the western 
Bugti hills. 

Tlie most prominent oil occun*ences in Assam are those in the 
Lakliimpur district and at the southern foot of the Khasi and Jain- 
tia hills. Systematic drilling has been con- 
ducted at Digboi in the Lakhimpur district 
for the past 35 years by the Assam Oil Company, Ltd. During the 
last two or three years, the refinery has been extended, and the 
production of crude oil, in consequence, considerably increased. 
Geological investigations by the Assam Oil Company’s staff have 
aroused expectations of a successful extension of the Digboi field. 
The results of prospecting operations at Dhekiajuli, Dilli and Bur- 
ragolai have been disappointing ; oil was obtained in the Burra- 
golai well, but the quantity was insufficient to be of commercial 
importance. With regard to the Surma Valley area, 57 wells have 
been drilled on the Badarpur field in Cachar with disappointiug 
results. Drilling difficulties are unusually great, the decrease in 
yield from the wells is unusually rapid, and the deeper tests-^-over 
3,000 feet — which at first aroused hopes, have shown the same 


Assam. 


^ Rer. Genl. Surv, Ind., Vol. XXV, p. 171 (1892), 

* Ibid., Vol. XXV, p. 116 (1892). 

• Jbid„ Vol. XXVIII, p. 56 (1896) 
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rapid decline in yield as the shallower sands. A small production 
was obtained from the Masimpiir area, but the same water trouble 
was experienced in the 4 wells drilled. The Patharia area is being 
tested by a second well. 


Table 88. — Output of the. Dighol oil refiner iet^ in the years 1924 to 

1928. 


— 

1924 

1 

1925 

.1920 

1027 

1928 

JOirosoiio (a) . 

3,809,570 

0,297,002 

9,457,881 

9,979,014 

11.970,179 

Biitohing and lubricating 

428,515 

358,055 

377,001 

420,371 

342,064 

oil (ct). 






Spirit (a) .... 

1,505,023 

1.749,715 

2,032,973 

3,133,350 


Wax and candlos {b) . 

2,735,339 

2,050,^409 

7,989,739 

10,184,181 

1 1,057.002 

Sundry oils (a) . 

395,833 

1,220,874 

2,117,451 

1,078,707 

3,974,735 


(а) Xriiporial gallons. 

(б) lbs. 


The most productive oil-fields o£ Burina are those on the eastern 
side of the Arakan Yoma, forming a belt stretching along the valleys 
of the Chindwin and the lower liaU of the 
Burma. IiTawaddy, and including the oil-fields ol the 

Upper Chindwin, Yenangyat in the Pakokku district, Singu in 
Myingyan, Yenangyaung in Magwe, and the Thayt'tmyo and Miiibii 
fie>lds. It has been shown that this belt coincides with the site of 
a gulf which existed in the Pegu epoch (approxiinatcdy Oligocene 
and Miocene), and which gave place to a riv(u*, the forerunner of 
the present Ohindwin-Irrawaddy^. The ])rodiictiou of the Burmese 
oil-fields for the years 1924 to 1928 is shown in Tabh*. 89. 

Yenangyaung, the oldest and best known of the fields, main- 
tained its lead as a producer during the quinquennial period, but 
there is little doubt that its place, during the 
Yenani,yauiig. next five years, will be taken by Singu. Of 
the total 1^- square miles of petroliierous territory, all that outside 
the two ‘ Reserves ’ of Twingon and Bcme is held under lease by 
the Burmah Oil Company, the pioneers of this field. It is within 


* Mem. Geol. JSurv. Ind., Vol. XL, p. 2611(1920). 
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the two small reserved tracts, covering jointly some 450 acres, and 
('speeially within the Twingon Reserve, that enmpetition has Ix'en 
so Jxeeii as to threaten injury to the oil-sands by w^ater liberated 
fTom w^atcir-saiuls, and by lire in the midst of a congested 
forest of greasy wooden derricks covering highly productive flow- 
ing w(‘lls emitting immense quantities of inflammable gas. Tlie 
appointm(‘nt of a Warden, assisted by an Advisory Board com- 
]»os(m1 of representatives of the companies engag('d :ji exploiting 
the held and an otlicer of the Geological Survey of fjidia, r(\sii1ted 
in systematic measures f(>r tlie protec.tiou of tin; snnds, and has 
iiiRloiibt('dly done imicli to prolong the lib* of the hedd. 


Table 89 . — Production of the Burma oil-fields during the years 1021 

to 1928. 


Oil- field or 
nirttridt. 

1924 

1025 

102C 

1027 

1928 

Average. 


Gallona. 

Gallons. 

Gallons. 

Gallons. 

Gallons. 

Gallons. 

Akynb 

7,014 

7.100 

C,33J 

5,027 

1 5,200 

6,280 

IvyjmKpyii 

14,T0S 

14,301 

15.103 

15,452 

15,227 

14,910 

Minbu 

3,829,041 

3,248,500 

4 533,420 

5,199,050 

0,101,822 

•i,552, IfiO 

Shmii 

79,038,430 

05,262,510 

95,745,504 

08,091.437 

1 13,086,736 

96,924,925 

Tliay<‘( inyo 

1,71 7,053 

1,320,000 

974,620 

900.500 

727,322 

1,147,821 

ITppei Clilndw'in 

1,474.808 

1,385,077 

1,2.5.5,840 

1,825,120 

2,308,880 

1,650,113 

Yimangyut 

1,504,517 

1,502,444 

1,778,041 

1,844,040 

3,072,222 

1, 970,4. U 

YonaugyauiiR . 

181,030,730 

100,027,88.5 

115,731,012 

137,322,012 

135,900,794 

151, 9 i7, 009 

TOTAL, Gallons . 

270,213,003 

262.828,930 

250,040.471 

245.904,044 

262.187.263 

258,234,742 

T(tfal, metric tong 

J.085,19:i 

1,0 05, 838 

1,004,179 

987,506 

1,052,961 

1,037,087 


Tlie bulk of the oil is obtained from the deeper sands - at 5,000 
feet and ov(ir, - but the first four years of the quinquennial period 
sliowed a steady decline from about 181 million gallons to ]57,\ 
million gallons. By special effort the productioji, in 1928, was 
raised to nearly 140 million gallons, but it is manifest that with- 
out intensive' drilling and pumping, the decline in this field must 
persist. The average annual output was some 29*^ million gallons 
short of that obtained during the previous five years. Wells ta})p- 
ing the deepest sands show a tendency towards a swifter decline in 
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yield ; this is perhaps due to the natuj’al shrmkiag and tightening 
of the antieliiial area, as deeper and deeptu* horizons are reached. 
Tlie total depth to which the petrolih*Tous horizons extend is still 
an Linauswcucd question. The di'cline hi prodiuition was mitigated 
to some ext(3ut by an organised exploitation of the shallower sands 
which had l>een largely shut off during the competitive rush for th(‘ 
richer deeper sands. The more important of the shallow horizons 
are those at and 650 feet. 'I'he average daily yield from these 
shallow wells varies from 1 J to 2 barrels (*.ach ; in 1927, the pro- 
duction from the sliallow we.lls amounted to nearly 14 pen* cent, 
of the total <.>il obtained from the field. It is curious to find "oil 
still being won Iroiii the Jlurmese hand-dug wells ; in each of tlu^ 
years 1924 and 1925, b(3twe(3n 2 and 2.^ million gallons were obtain- 
(‘d in this primitive fashion. A higiier production is obtained from 
wells i]i the llurniali Oil Company's Kodaung tract lying l)etween 
tlie two ' res(‘r\^es \ This is due partly to the geological position 
of tlxe block and to the more youthlul stage of its producing lib*-, 
])ut chiefly to the absenete of competitive diilling. The number 
(»f ])r()(liiciug \v(41s hi tli(3 Yenaiigyaung held at the end of the period 
amounted to nearly 2,159, including about 150 hand-dug wells, 
'riui ebjctrihcatiou of the field which rea(5he(l its limit of practicabi- 
lity in 1924, added an ai)prcciable cniitribution to the production 
ligure owing to th(3 saving of a considt‘.rable (pifuitity of crude oil 
formerly used as fu(4 beneath rig-boilers. 

About 10 (iompaiiies liave been operating in this small field am I 
of tliem the Buimah Oil Company pro<luce about four-fifths of tin* 
total output. The northern part of the Yenangyaung field hai 
been found to l)e ricdic.r than the southern. A t(*st well put dowJi in 
lllock 2 S. is iiow the deepest well in llunua, having reached, in 
1928, a depth of 5,267 feet ; oil and gas sands are reported to have 
been struck below 5,000 feet, but troubb^ with the well prevented 
any estimation of the yield. There is now good reason to believe 
that as the depth iiici-eases, the crosl. of the Y^enangyaung anti- 
cline recedes more and more to the east. The result of this is that 
the produemg limits of oil pools arc found further and further east- 
wards as greater depths are attained ; deep tesi wells are being 
sunk to prove this. On the eastern flank of the anticline, an 
advance of ‘ edge ’ water has shown itself up one ol the oil-sands. 
Fires and accidents are now an unfortunate feature of the 
field. 
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The relative merits of repressuring and suction are. now exercis- 
ing the minds of operators in Yenangyaung. It i^cems probable 
that both processes, employed at the proper time, will bo found 
useful in increasing the yield from the various sands to which they 
are applied. To make full use of gas pressure in the oil-sands, it 
would appear advantageous to use the repressuring process as long 
as possible and to postpone the use of vacuum. The adverse effects 
of vacuum are not only the removal of the driving force in the form 
of gas, but an abstraction of the lighter compounds of the crude 
oil causing earlier paraffination of the sands. On the other hand, 
it* is difficult to decide to what extent the result of rex^ressuring is 
an actual increase in the total crude oil extracted from the sand, or 
is merely accelerated x:)roduction. 

The place of Yenangyaung is being steadily taken by the Siiigu 
held which, in the next five years, will most probably usurp the 
premier position held *so far by the older field. 
Singu, the greater part of which is in the 

hands of the Btirmah Oil Comj)any, is used to make good the 

deficiencies of Ycnangyaiuig, in order to maintain sup})]ies to the 

refinery. The production figures from Singu are, therefore, largely 
sux^xfien^t^iitary to those of Yenangyaung. This x>roduction has 
increased by uneven increments from nearly 80 inillion gallons in 
1924, to nearly 114 inillion gallons in 1928. Many wells are jnoduc- 
ing from the second or 3,000-foot sand, ibe margin of whicli has 
been found to be inside that of the shallower sand in tht‘ soutiu*m 
end of the field, but outside it in the northern end. Initial 
yields of 500 barrels for 24 hours wire frequent in the earlier 
years, but such a high figunj is now^ seldom attained. Electrific.a- 
tion was introduced into the field and tlu' transmission line from 
Yenangyaung was completed in 1927. A number of wells are now 
being pumped and drilled by electric power; lighting has also 

been provided at the northern end of the field and pow-er to the 

machine shops. The annual average production shows an increase 
of 2*5 per cent, in comparison with that of the preceding quinquen- 
nium. 

The Minbu anticline is narrower and tighter than any of the 
three previously mentioned. The petroliferous area is therefore 
narrow' and the yie ld from the*^ wells dimi- 
nishes somewhat rax)idly. Much of the oil 
from this field is of a heavy type and less profitable to refine than 
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that produced from other fhdds. Minbu produced for the first 
time ill tlie year 1910. In 1918, the production rose to 4*8 million 
gallons. During the 5 years which followed the annual production 
averaged under d million gallons. During the 5 years under review 
this field was more extensively exploited and the average annual 
output exceeded 4^' million gallons. A record figure amounting 
to over 6,100,000 gallons was obtained in 1928. Some 220 wells 
are producing in this area and deep tests are being sunk to explore 
its further possibilities. 

The Yenangyat field which was never a rich one is rapidly dying ; 
much of it is, in fact, already dead. Its production during fjhe 5- 
Yeiiangyat year period under coiisideration has been little 

more than that from the Upper Chindwin 
field. Drilling was first started in 1891, by the Burrnah Oil Com- 
pany. The expansion was slow up to 1894, but rose rapidly to a 
yield of over G million gallons in 1898, and in 1903, the highest 
production re,corded from this field was obtained, namely, 

22,665,578 gallons. Subsequent to that year a decline std- in, 
gradual at first, but severe after 1906. Between 1909 and 1918, 
production averaged a little over 5 million gallons, h'roni 1918 
onwards, the decline was gradual but persistent until 1925, when 
it had sunk to little more than li million galknis. Cilice 1925, 
there has been a gradual' recovery. In 1927, th(‘ out[)ut was 1,81 1,946 
gallons. In 1928, the yield rose to 3,072,222 gallons a stride 
due to increased drilling on the part of the Biumah Oil Company 
and also to expansion by the Indo-Burma Petroleum Company in 
the Lanywa area in the south. A scheme, by which the sand -bank 
stretching southwards from the widls of Lanywa into the river 
Irrawaddy is to be protected by a rev(‘tied eiibankment, was start- 
ed in 1927, and has enabled a number of wells to la* drillt*d by the 
Indo-Burma Petroleum Company on the sand-bank. 8tric.tly speak- 
ing, the area belongs te(’.tonically to the Singu dome area, but for 
convenience of administration it is regarded ofiicially as part of the 
Yenangyat field. The sand- bank which stretches from Lanywa to 
Sitpin is a mon'. or less permanent feature, dry dui-ing the winter 
but covered by the floods of the rainy season. The striking of re- 
mmierative supplies of oil at Lanywa has made it almost certain 
that the river Irrawaddy covers oil deposits of commercial size. 
The question of reaching the sub-fluviatile deposits by means of a 
tunnel beneath the river large enough to accommodab; drilling 
derricks is now under consideration. 
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With refrard to the Thayetmyo fields, a proposal is uiulor con- 
sideration by which the yeiuinma and Padankpin fiehls arc to be 

Tliayctmyo further developed by sinking shaftvS and min- 

ing for oil. Drilling operations, commenced in 
1924^, by the Indo-Burma Petroleum Company on the Pyaye anti- 
cline, some 7 miles southwest of Thayetmyo, encountered nothing 
but gas and water. One well at a depth of 2,000 feet lib(*rated 
gas in quantities estimated at 39 million cubic feet per 24 hours ; 
the noise produced by its escape could bo heard in Thayetmyo. 
With great difficulty and after 5 months of open flowmg the \v(‘Il 
was got under control. This gas well was estimated to be thcrnuilh' 
equivalent to an oil well of something like 5,000 barrels a day. 
Ju 1922, the Thayetmyo district yielded as much as 2,319,835 gallons 
but the average annual output for the quinquennium 1019-2.‘> 
amounted only to 881,981 gallons. During the five years unchu 
r(‘view this average figure rose to 1,147,821 gallons. 

Tests are being continued in the Minhla 
area and indications of oil are not entin^Iy 

wanting. 

l^he Upper Chindwin field of Indaw, under the Indo-Burma 
Petroleum Company, began to prodiuJe in 1918, yielding n<‘arly 
half-a-inillion gallons. The fact that after 
much laborious and expensive prospecting this 
is the only an^.a in Burma additional to those described in 1912, in 
the Geological Survey Memoir, which has ever got beyond the tesh- 
ing stage, will dispell any illusion regarding Burma’s present or 
future position amongst the world’s producers of petroleum. Be- 
tween 1919 and 1923, the Upper Chindwin field produced steadily 
over one million gallons a year, the average being 1,102,627 gallons. 
During the period under consideration, this average annual pro- 
duction rose to 1,650,143 gallons, with a record production in 1928, 
of 2,308,880 gallons. 

Besides the Upper Burma oilfields, the islands of the Arakan 
coast, noted for their mud volcanoes, have been known for many 
years to contain oil deposits of uncertain but 
probably indifferent value. Operations have', 
been carried on principally in the Eastern Baronga island near 
Akyal), and on Ramri island in the Kyaukpyu district. Folding 
and denudation in these regions have been too severe to warrant 
the expectation of oil in much quantity. The output both from 
the Kyaukpyu wells and from those in the Akyab area showed a 


Chindwin. 


Arakan Coast. 
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inarkod average* doclmo during ilie. 5 years, 102-1 to 102iS, as they 
did during the })revious ([niiujiienniinn. 


Ruby, Sapphire and Spinet. 

[J. Coc!(jjN Brown.] 

With the exception of the sapphires froin Kashmir, the whole 
ot the Indian hhnpire's production of rubies, sa])phir(‘.s and spijuds 

„ for the |)(u*iod under rtwiew was obtain(‘d from 

Prodticlioii. ,1 I < ri'. «. 

the Mogolc btoiu* 1 ract of Upper Burma, riu* 

stones are woji both by the Burma Ruby Mines Limited, and by a. 

liirge number of indig^uioiis workers who exploit various types of 

genuhearing ground by primitive nudhods. No n^cords are kej>t 

of tlu*, out])iit of the latter industry ami the statistics whicli hav(* 

ho(‘n given in earlier reviews, as well as those quoted herein, r(*f(‘r 

ordy to tin*, production of the Oom])any. Table 90 shows tlu'se 

amiual output ligures for the period 1924-28, the average annual 

viihie being only £20,228 as compart'd with £00,000 for the ])r(‘vious 

(|uimpiennium. This reduction is not sur])rising, for the (.Vmpany 

went into liquidation in 1925. 


Tai’.i.u 90 . — Produdlon of Jhihirs^ Sapphires and Spinels hij Ihv 
Burnia Ridvj Mives^ Ltd., darivp the period 1924 to 1928. 


Years. 






1920 

1027 

1028 


AverfUff^ 


Quantity. j 

Value. 


'!arats. 1 

Us. 

C 

101,007 1 


:m,77;i(u) 

J40,o:J7 I 


27,4r»4(/;) 


4,00,772 

34,8;il(r) 

a'.t.SilO ] 

2,70, S24 

20,833(r) 

4(»,380 

1,77/j12 

13,247(r) 

S7,/.r> 

3M.5W 

20,22S 


(«) £1 Us, m o. 


(b) Cl- jj h. laa (r) £i uh. ia-4. 
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A race of hereditary gem miners exists in Mogak, and the 
methods of the old Burmese administration, modified it), accordance 
with the principles of equity, form the foundation 
dustry. of the Upper Burma Ruby Regulation under 

which their activities arc carried on. The 
interests of the native miner were fully safeguarded when a hiase 
was given to the Burma Ruby Mines Ltd. Licenses to win gems 
arc granted to descendants of the old families and land is allotted 
to them as occasion arises. The royalty received by the Local 
GovernmcJit on account of license fees for the winning of rubies, 
sapphires, spinels, etc., is the ojily index we possess of the condi- 
tion of the nidigeiious industry. Table 91 shows that an average 
ajinual royalty of Rs. 1,20,490 was received for the period under 
review. 


Table 91 . — Royalty collected in Burma on Rubies, Sapphires and 

other Precious Stones. 





Year. 

Amount. 

1<)24 . 

1025 . 

1026 . 

1027 . 

1028 . 



’ 

Rs. 

1 1,00,400 

1,07.800 

1 70,805 

1,03,044) 

j 2,20,280 




Avrrage . 

7^0,490 


The increased royalty collected in 1928, is gratifying and indi- 
cates a return, whether temporar}' or not is uncertain, to approxi- 
mately the average annual amount realised during the more prosper- 
ous days of the industry at the beginning of the present century. 

It is not generally realised that in addition to rubies, sapphires 
and spinels, gems which in their better classes are of incomparable 
beauty and as far as rubies and spinels are concerned, easily the 
finest specimens found anywhere in the world, Burma produces 
a further wide range of precious and semi-precious stones amongst 
which gem varieties of the following minerals are of frequent 
occurrence : — 

Quartz (Amethyst, etc.), Apatite, Beryl (Aquamarine), Chry- 
soberyl, Epidote, Garnet, lolite (Water Sapphire), Lapis Lazuli, 
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B\ilspar (Moonstone), Olivine (Peridot), Phenakite, Tonrmalino (Rii- 
belliie), Topaz, Zircon (Hyacinth). 


In 1926, 1-6 cwts. of corundum with patches of sapphire are 


Kashmir. 

in the rcjturns. 


said to have been obtained ; m 1927, 11 c^^ ts. 
and in 1928, 1 cwt. of the same rock figure 


The original Mogok Stone Tract was annexed by the ruling 
Burmese monarch in 1597, but precious stones had probably been 

Burma, History. obtained therein for long periods before that 
date. This is not the place to trace the history 
of the tract in detail and it must suffice to state that Mogok was 
occupied by the British in 1886. In October, 1887, the Upj)er Burma 
Ruby Regulations (XII of 1887), a regulation to dticlare the law 
relating to rubies and other precious stones, came into force and 


by it the Local Govc^rnment were empowered to notify the ‘ stunts 
tracts ’ and to make rules regarding the mining, cutting, i) 0 S 8 esskm, 
buying, selling and carrying of precious stones and to grant licenses 
for these purposes. In November, 1887, the Mogok Stone, Tract 
was constituted. It is contained within tlu‘. l)oundaries of the exist- 


ing Mogok township, which enclosed the older Burmes (3 townsldps 
of Mogok, Kyatpyin and Kathe. 


The first lease of the Burma Ruby Mines Limited, was granted in 
1889, a second one came into operation in 1897, and a third one for 
a period of 25 years in 1904. It was about 1907, that the market 
for gem stones became depressed and 8ubse((uent events were ably 
summarised by Sir Edwin Pascoe in the Quinquennial Review for 
1919-1923, It is only necessary to add here that in 1925, the 
company went into voluntary liquidation and such stones as have 
been won since that date, are due in part to its letting out certain 
gem-bearing areas on a modified tribute system. The regrettable 
demise of this famous concern after its chequered career of 36 years 
is best quoted in the words of the ‘ Note on the Mineral Production 
of Burma during the year 1925.’ 


‘ The Sinlcwa mme was closed during the year. The best parts 
of the Mogok and Kathe valleys are reported to be approaching 
exhaustion and the residue of ruby-bearing ground in these areas 
is said to be insufficiently rich to pay for extensive working. These 
mines are now let out to tributors who clean up patches of ruby- 
earth left in crevices and detached spots. The loss on last year’s 
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worlaiig luis liiially cxhaiistc'd the capital of the company which 
has since (huadod to go into voluntary liquidation.’ 

Jn the, opinion of tlic ])rc.sent writer, who Inis devoted some time 
to tlie study of tlie industry, the present condition of gem-mining 
in Jhirina is due to the eumulativ(i effect of numerous adverse causes, 
hut exhaustion of the gem-bearing deposits as a whole is not one of 
tliein. The Mogok Stone Tract occupies more than GOO square 
mih\s, the greater part of wdiich is occupied by gneisses and asso- 
(uated ro(iks of Arcihaean age, amongst them being great bands of 
(uystalline limestone from which most of the precious and seini- 
precaousi' stones, and all the rubies and spinels, have been derived. 
The weathered products of the limestone have accumulated in the 
water-borne gravels and it follows of necessity from the existen(‘e 
of g(un.s in such situations, that they occur also in the detrital de- 
posits of the hill slopes, wliencci the true alluvials arc derived. The 
operations of the Burma Ruby Mines rdmited, apart from early 
al.»ortive attem])ts to mine gems from solid limestone and a few 
inconclusive experirneiits on certain hill slopes, were mainly con- 
lineal to the removal and treatment of gravel from the Mogok, 
Ivyafpyin and Katliti valleys. There are oth(‘r valleys in the stone 
tract, in whicli gems are known to occur, and which doservtj 
fuller exploration than they have hitherto received, with the object 
of proving their valin; as hydraulicing propositions, ratlier than a.s 
deposits to be op(‘.neil up by costly and laborious hand methods. 

Rubies and other precious stones are known to occur at other 
places in Burma and ‘ stone tracts ’ have been declared by the 
Jioe.al (jovt»rnment to exist within certain ar(*as in the state of Mong- 
mit and its dependency Mong Lang ; within the Thabeitkyin town- 
ship of the Katha district; within the Myitkynia district (tlie 
Nanyaseik Stone Tract) ; within the Mandalay district (the Sagyin 
Stone Tract) and witliin the state of Kengtung. 

Salt. 

[ W. A. K. Christie.] 

The average annual production of salt in India during the five 

years 1924 to 1928 was 1,343,587 statute tons {see Table 92). The 

corresponding figure for the previous quin- 
Gcneral. . ® ^ \ 

quennium was 1,530,272 so there was a drop 

in production of 186,685 tons per annum. Imports, on the other 
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liaiid, incroaficd from an annual average of 517,894 ions in 1919- 
1928, to 580,948 t/ons in 1924-1928, an increase of 08,049 tons a year. 
Tlie salt produced in the country plus that iin})orted by son. has 
fallen from about 2,050,000 to about 1,920,000 tons a }Har. From 
these figures we can get a rough idea of the cnnsiimplion per head. 
Taking the census ligures for 1921 and e^en assuming no increase 
in population for the later quinquennial period we find that Ihe 
( onsumption per head has fallen 6 ])er cent., from 14*4 lbs. to 18-5 lbs,, 
which is about the pre-war figure. This figure includes inamifac- 
tured salt used in animal husbandry* and in industry (elii^'fi}' hsh 
curing), so the amount eaten per iidiabitant will be somcAvhat Ic'ss. 
14-8 lbs. per head per annum is the figure usually adopted as sufiict- 
ing the consumption, then, is nearly normal for physiological 
requirements. 

The salt duty goes to central and not provincial revenues and 
Is now collected by the Central Board of Bevenue. At th(i begin- 
ning of 1924, it stood at Rs. 2-8 per mauiul 
” ^ of 82; lbs., having been raised in the ])rcYi“ 

ous year from Rs. 1“4. On 1st March, 1921, it was reduced again 
to Rs. 1-4 })er inaund (Rs, 81 per ton) and was maintained at that 
rail', during the remainder of the five yeais under review. TJiere 
was a sharp drop in imports of salt during the year, 1928-21, of 
the enhanced duty ; the imports in 1922-28 were 542, (KM) tons, m 
1928-24 475,000 tons, in 1925-26 616.000 tons. The inflLieiu‘e of 
the change in the rate of duty is not so notii cable in the figures for 
the salt made in India. The abnormally low production in 1925, 
was largely due to restriction of production in Bombay, as large 
stocks were being carried while the duty was high, but u ii fa, v Dur- 
able weather in Madras and Rajputana also contributed. 


Tatu^e 92 . — Prodvetion of in India (excluding Aden). 


n)i!4 

1925 

n)2e 

1927 

1928 


Year. 


S< Jl ute. 


Mel-rie. 


! 

1 

. i 


A vercigp. 


Tons i 
1,444,295 1 
1,11)9,951 1 

1,444,220 i 
1,450,188 

I, 292.578 

J, 343M7 


Tons. 

1,497,101-7 
1,124,557-4 
1,497,552-9 
1,155,071 0 
1,515,259 2 


J.m,0S4-4 


* J. von Buechman^ Daa Salz, I, V. 
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Compared with the previous five years salt production* has fallen 
12 per cent, from a yearly average of 1,630,000 to one of 1,344, 000 
tons. 

The salt produced in India is obtained from three ])rincipal 
sources, (a) sea water, (6) lakes and subsoil water in areas where 
the rivers have no outlet to the sea, and (c) 
gait beds. Omitting the Aden produc- 
tion, about two-thirds of the salt made in 
India is recovered from sea water, chiefly in Bombay and Madras ; 
about one-eighth is mined or quarried as rock salt, chiefly in the 
Punjab Salt' Range ; and the rest comes from areas of internal 
drainage, the Sambhar lake in Rajputana being the largest producer 
in this class. 


Table 93 . — Provincial production of SalU 


Trovlnco. 

1024 

; 1926 

1920 

1927 

1928 

Average. 


Statute 

Statute 

Stal ute 

Statute 

statute 

Tons. 

Statute 

Aden 

Tons. 

Tonn. 

Tons. 

Tons. 

Tona. 

Bombay and Sind 

170,182 

188,493 

191, .524 

181,767 

222,771 

108,846 

Burma 

538,777 

881,419 

473,127 

482,993 

460,878 

467,438 

Gwalior (a) . . j 

20,667 

22,880 

24/109 

19,033 

21,822 

21,810 

Madras . . • j 

151 

; 141 1 

176 

436 

00 

: 103 

1 

Northern India . . ; 

407,644 

336,606 

481,826 

543,081 

448,538 

1 

' 443,610 

1 

477,264 

306,606 ! 

404,680 

433,765 

861,783 1 

420,621 

Total Statute Tons . . | 

1 

1,623,475 

1.296,144 

1,638.748 

1.611,844 

1.618.347 

1,636,932 

1 


(a) Figures relate to offleial years. 


Again excluding Aden, wc find that the total reduction already 
noted is distributed over all the large producing areas. Bombaj’s 
average production has fallen 16 per cent, compared with that of 
the previous five years, that of Madras 8 per cent., and that of 
Northern India 9 per cent. (The exi)res8ion Noithern India em- 
braces the salt lakes of Rajputana and the rock salt areas of the Salt 
Range and Kohat.) 

Bombay, in spite of a 16 per cent, reduction in output, is still 
the largest producer. Most of the salt is made by the direct solar 
evaporation of sea water. The factories at 
om ay sa . Dharasna and Chharvada on the eastern side 
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of tho Gulf of (Jambay near Biilsar are both Goveriimetit property 
and worked departmentally. Tlni other sea salt works, with three 
exceptions, are grouped within a radius of oO miles of Bombay City. 
Those which are Government property are leased to p^iv^ate indivi- 
duals for working ; the others are owned as well as worked ])rivate- 
ly. A site for a salt works is usually chosen below the level of high 
water spring tides and surrounded by a strong embankment. With- 
in this are situated the outer and iimer reservoirs and the pan area. 
The outer reservoir is filled when the tide is high ; from it the brine 
flows to the inner reservoir, where it is concentrated until the cal* 
ciiim carbonate and calcium sulphate have been de])Osited ; tlu^ 
brine, then nearly saturated with salt, is run, to a depth of about 
one and a half inches, into the crystallising pans, generally about 
18 feet long and 10 feet broad, whose floors have been levelled a.nd 
tamped with (day. After a hnv days, when a layer of salt crystals 
about a quarter of an inch thick has formed on th('> bed of a pan, 
the salt is raked to the edges of tho pan, washed with the motln^r 
liquor, allowed to dry, sieved into various sizes to suit dif[(uent 
markets and stored in conical heaps. The, pan is replenished with 
(concentrated brine for another crop. The season of manufact.ure 
varies with the South-west monsooTi, January to June being the 
normal period. A considerable proportion of the Bombay salt 
production is Baragra or Rann salt, made from brine wells onthe 
Littlc Rann of Cutch. There arc salt works at Kharagoda and at 
Udii, owned by Government and worked departmentally. Since* 
1923-24 Dhrangadhra State has been permitted to make this kind 
of salt at Kuda and Government agreed to buy ]8,(K)() tons annually 
for five years from that time. The largest works on the Rann is 
at Kharagoda. There the brine is obtained from circidar w('lls 
about 9 feet in diameter and 18 to 30 feet deep. The brine is lifted 
in earthenware pots on weighted lovcirs and discharged into a reser- 
voir. Aft(^.r concentration there it is led into pans about 250 feet 
long and GO feet wide. In about a week tljc layer of salt crystals 
on the floor of a pan is broken up by treading and raking, and more 
brine is admitted. Every second day the salt is raked over, and 
the level of the brine is kept at least three inclies above the top of 
the salt. After about live mouths the crop, about 180 tons to a 
l>an, is collected. The manufa(*4uring season lasts from November 
to April. A large quantity of salt is made in Sind at the Maury [ujr 
salt works on the sea coast about eight miles west of Karachi. 
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Tticrr, too, tlio briiio is lifted from wells, large numbers of whicli 
are sunk beside the salt pans. Many thousands of yards of trenclu's 
liave been dug round and across the works ; these are filled with 
s('a water at s])ring tide once a fortnight. The treneh(»s not only 
act as condensers for concentrating purposes, but also, by keepijig 
u]) the hydraulic head, iiuu-ease the flow of brine in the wells. The 
salt crystals am scraped from the ]>ans after a single irrigation and 
the pans are then replenished for another crop. By using crystallis- 
ing pans of cement or tiles instead of clay- th('. usual material- a, 
privjite company is now producing salt of superior (juality, rivall- 
ing that from Ad(‘n or the Mediterranean. Considerable quantith's, 
both in the natural state and crushed, have been shipped to Cal- 
cutta to comp(‘te with salt imported from abroad. Of the arenas 
producing salt in India, Karachi is probably the most favourably 
situated. The mean annual rainfall is only 7*04 inches, normally 
distributed over 9 days; generally the air is comparatively dry and 
seldom still ; the mean daily maximum temperature is 84°F. ; so 
conditioTis and opportunities for making salt when the sun shin(^s 
are (ixcellent, and manufacture goes on for about elev('ii months 
in the year. i)r. *1. A. Dunn ^ has written an interesting account 
of the Maurypur salt works, lie considers the area a promising 
one for an extension of manufacturing operations up to 200,000 
tons per annum. 

In the Madras Presidency all the salt is made from sea water in 
much the same way as at Bombay. The brine is usually brought 

Madras salt from tidal backwaters through channels, from 

which it Ls baled into condensing beds. When 
it has reached a density of 25° Baume, it is run into the crystallis- 
ing pans, whose floors have been levelled and well rammed. After 
thrcic or four days the salt formed is scraped on to the ridges of the 
pans, washed with the mother liquor, allowed to dry, and tluui 
stored on platforms in heaps until it is sold. After a crop of salt 
has l)een removed, the pans are again charged with brine and ihv. 
process is repeated. Aft(»r every fifth scraping the mother liquor is 
rennoved — to prevent contamination of the salt with salts of magne- 
sium which have then reached a dangerous concentration— and the 
pans are retamped. In some fact.orics the pans are irrigated sever«al 
times before the layer of salt crystals is removed, but the * singio 


*A*ec. (jHeol. Surv. Ind., Vol. LVl, p. 385 (1925). 
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irrigation ’ system is the common one. The season of manufactAire 
varies according as the factory is subject to the South-west or 
North-east monsoon. In the northern districts manufacture com- 
mences ill January or February and continues till June or July, 
when the rains begin. Further south, manufacture commences later, 
in March or April, and continues up to August or S('j)tcmt)or. In 
some of the southernmost factories, like Tuticorin, manufacture 
continues up to October and even Novcmbcir. There are three 
systems of control in the Presidenc}'^ — 'monopoly’, 'excise’, and 
‘ modified excise ’. Under the ' monopoly ’ system the ]icemi(ies 
manufacture salt of a prescribed standard and sell it to Government 
at a fix<!d rate. Licensees under the ‘ excise ’ system are allowed 
to manufacture and sell salt as they like, under cert-ain conditions, 
the chief being that the salt made must not contain more tlian five 
p(u* cent, of magnesium salts or morci than five per cent, of dirt. 
Under the * modified excise ’ system the licensee ordinarily manu- 
factures salt for his own sale, but he may be required at any time 
before the commencement of the season to sell a portion of his salt 
to Government at a fixed price. Private enterprise in salt manu- 
facture can thus be encouraged and Government can, if necessary, 
regulate the price of salt, 

Madras salt is mainly consumed in the Presidency itself and the 
Indian States contiguous to it. About 15,000 tons are exported 
annually to Ceylon. After a lapse of several years, Madras salt 
(from Tuticorin) is again being shipped to Calcutta. 

Only a quarter of the salt consumed in Burma is made there ; 
the rest comes from abroad. Most of the annual production of 
about 22,000 tons is made from sea water in 
® ’ the districts of Akyab, Kyaukpyu, Sandoway, 

Hanthawaddy, Bassein, Myaungmya, Thaton, Amherst, Tavoy and 
Mergui. The method used differs widel}" from that used in India, 
The sea water is passed through a series of condensers until the 
calcium sulphate has been precipitated ^ as anhydrite. The concen- 
trated brine, about 25° Baum4, is fed into large iron cauldroue-, 
and evaporated over a fire. The salt is scraped out as it forms 
and thrown through a wooden grating into a drying chamber. The 
Burmese insist on having a fine white salt such as is thus produced. 
Efforts to introduce the system of solar manufacture used in India— 
which normally yields a coarse salt of inferior colour — have not 
met with success. 

u 
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In Upper Burma, in the districts of Magwe, Pakokku, Mying- 
yan, Yamcthin, Shwobo, Sagaing, Katha, Meiktila, Upper Chindwin 
and Lower Chindwin, salt is made in hundreds of small works, 
either from brine wells or by lixiviating saline soil. Salt is always 
recovered by boiling the solution. A careful description of the 
method of making salt from well brine at Bawgyo, in the northern 
Shan States has been given by T. H. D. La Touche.^ Of the total 
salts in solution 36 per cent, was sodium sulphate. 

The most important of the areas worked for sub-soil and lake 
brine is the desert region of Rajputana. The whole country is 
imj)regnated with salt from the coast of Ciitc.h 
north and north-eastwards to the 
borders of Delhi district and Bahawalpiir State. 
In many areas of internal drainage there are temporary salt-lakes, 
which are utilised, as at Sambhar and Didwana ; while in other 
places sub-soil brine is raised, as at Pachbadra. Most of the salt 
in this region appears to be brought in as fine dust by the strong 
winds which blow from the south-west and south-south-west during 
the hot weath(jr. These winds blow across the salt-in crust(*.d Rann 
of Cutch, and carry away sea-spray and finely-])ow"dered salt in 
large quantities into the heart of Rajputana, where it becomes 
fixed when the following monsoon brings rain enougli to wash the 
salt into the small lakes in areas of internal drainage.*^ 

Sambliar, the largest of the Rajputana salt-lakes, covers an 
area of about 90 square miles at its highest level, but dwindles, 
g.'neraUy, to a small central puddle by March 
am ar .a e. April. It has been shown by careful sampl- 

ing at regular intervals that the mud forming the bed of the lake 
contains on an average 5*21 per cent, of sodium chloride down to 
a depth of at least 12 feet, and the amount stored in these higher 
layers ot salt cannot thus be less than fifty million tons. Wlien 
the lake dries up brine contained in its clay bed rises to the surface 
by capillarity and is there, evaporated to dryness. By a continua- 
tion of this process there is produced each year on the top of the 
lake bed a layer of salt ready for rapid solution by the monsoon rains. 

Against floods Sambhar cannot be protected, but against a 
scarcity of rain protection is now good. Due chiefly to measures 


> Rec. Veol Siirv. hid., Vol. XXXV, p. 97 (1907). 

* T. H. HoUand an<I W. A. K. Christie; IMd, XXXVJII, pp. 164-186 (1909), 
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devised by Mr. S. A. Bunting,^ it is now possible, even in a season 
of scanty rainfall, to collect enough brine for the season’s manu- 
facturt' before the lalfo recedes too far from th(‘ shores. A sub- 
stantial dam has been built across the lake near the fiambhar cud, 
and into a reservoir of about live square miles brine, from the main 
body of the lake can be transferred by powerful pumps at the dam. 
After concentration in this reservoir it is transferred to smaller 
condenser-reservoirs and then to groups of evaporating pans called 
hyars, A largo new kyar of eight million square feet, built on 
improved linos, was brought into operation during the period under 
rovi(uv. It took some time to ‘ find itself but it is now * func- 
tioning satisfactorily and yielding a superior quality of salt. More 
complete arrangeimuits have been made for isolating the mother 
liipiors after the salt crop has been extracted. The transport 
system, too, has been reorganised and salt on extraction is now 
raihvl direct to a large central store at Sambhar with considerable 
saving of labour. 

Table 94 shows the average annual distribution of Sambhar 
salt during the five years 1923-24 to 1927-28 with the corresponding 
figures for the previous quinquennium. The increase in production 
was again absorbed by the United Provinoes. Sambhar salt seems 
to liave reached its limit of economic transportation in Bihar. 

Pachpadra production at Paehpadra has again de- 

clined and the average annual despatch of 
salt is now only 16,000 tons. 

Table 94. — Average annual dintrihution of Sa7nhlHiT Salt, 


1918-19 to 1922-23 1923-2-1 to 1927-28 



Quantity. 

Per cent, 
of total. 

Quantity. 

Per cent, 
of total. 


Tons. 


Tons. 


United Provinces . 

157,674 

08-4 

178,419 

721 

Rajpntatia .... 

28,044 

J2-2 

28,666 

115 

Central India 

15,471 

6‘7 

19,596 

7-9 

Pun jab including Feudatory 

8,640 

H-7 

11,397 

4-6 

States and Delhi. 





Central Provinoes . 

4,081 

P8 

5,662 

2-3 

Bihar and Orissa , 

16,338 

7-1 

3.971 


Bengal. . . . 

118 

1 0 1 

. . 

. , 

Bombay .... 

74 

00 



Average Total 

230,340 

100-0 

247,610 

[ 

100-0 


‘ luat. Civil EngineeiH. Selected Engineering Papers. No. 30. 1926. 

u2 
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The production of rock salt has, fallen about 
** 9 per cent. Details are shown in Table 95. 


Taj3LI5 95 . — Production of Rock-saU during the period 1924-28 com- 
pared with the period 1919-23. 


Year. 


8alt 

Range, 

Punjab. 

Kobat, 

North-West 

Frontier. 

Mandi 

State. 

Total. 

Percentage 
of total 
salt pro- 
duction 
of India. 

1924. 

1925. 

1929. 

1927. 

1928. 

; 

. 

. i 

Tons. 

100,049 

125,470 

122,895 

145,750 

131,730 

Tons. 

24,485 

19,971 

19,224 

21,161 

19,812 

Tons. 

4,703 

4,939 

4,552 

3,837 

3,811 

Tons. 

189,237 

156,380 1 

146,671 

170,748 

155,353 

1P7 

1V6 

8-9 

10-6 

10-2 

Average for 1021 -28 . 

• 

137,179 

^o,m 

4,368 

162,478 

10-6 

Percent of average 
1924-28. 

total 

S4-4 

120 

2-7 

•• 

1 ■ 

Average for JO 10 -23 . 

• 

152,725 

20,451 

4,802 


W-5 

Percent of average 
1919-23. 

total 

85-8 

11-5 

2-7 \ 

• • 

! 


A general account of the occurrenccy of rock-salt in the Punjab 
and North-West Frontier Province will bt‘ found in a previous Re- 
view (Records, Vol. XXXJl, pages 85, 8d) and in a paper by the 
writer published in the Records (Vol. XLIV, pages 241-2b4), The 
mines of the Salt Range are responsible for by far the largest share 
of the output. A very good description of the salt mines and the 
methods of CKcavation employed has been given by Mr. C. H. Pitt,^ 
the General Manager. The Mayo mine at Khewra, much the largest 
in the Range, is worked in a series of alternate chambers and pillars 
miming parallel to the dip of the salt seams, the pillars increasing 
in thickness from 25 feet at the top to 35 feet at the bottom while 
the width of the chambers decreases correspondingly from 45 feet 
to 35. There are now about 40 working chambers. Some of the 
older chambers are very large — 700 feet long and 200 feet high — 
but the mine shows no signs of instability. Mr. Pitt estimates 
that, with the present system of working and rate of production, 


« Tram*. Min. Geol. Tnsi. India, Vol. XXII, p. 197, (1928). 
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the mine has reserves for at least 50 years. During the last five 
years mechanisation of haulage and t^xcavation has proceeded apace 
and an electrification scheme has recently been completed. For 
drilling and cutting, air compressors in the mine are now, direct 
coupled to 300 H.P. motors taking alternating current at 3,000 
volts from the power station. For other purposes the current in 
transformed down to 400 volts. At the Warcha mine,, which is a 
replica of the one at Khewra on a small scale, mechank‘.al methods 
have also been introduced. Here the, presence of faults is likely to 
curb extension. Prospecting in the Jansukh valley, however,, about 
one and a half miles north-east of the mine, has given promising 
results. Mr. E. R. Gee of the Geological Survey considers that a 
very thick seam of workable salt exists in the area. 

At Khewra the quarrying of gypsum has been started as a sub- 
sidiary industry and about 2,000 tons were sold in the year 1927-28 
Gypsum in the Salt by the Department of Northern India Salt 
Revenue. 

The excavation of potash salts, to which reference was made in 
the last Review, has been dLscontinued. 

Imports from foreign countries continue to increase, and the 
iigure representing the annual average for the five years is a record 

, . one — 12 per cent, higher than the average for 

Imports of salt. n 

the previous five years. 


Table 96. — Average annual imports of Salt during 1919 to 1923 
and during 1924 to 1928, 



1910 to 1023 

1924 i 

0 1928 


Quantity. 

Fer cent, 
of total. 

Quantity. 

Pt r ct’td. 
of total. 


Tons. 


Tons. 


United Kingdom . 

88,408 

171 

82,656 

14-2 

Gormany .... 

44,043 

S’6 

47,698 

S-2 

Spain 

6o,079 

10-6 

62,106 

90 

Aden and Dependencies 

160,905 

311 

193,850 

33-4 

Egypt 

111,447 

2F6 

130,205 

22-4 

Italian East Africa 

56,984 

no 

54,246 

V‘3 

Other countries 

968 


20,182 

3-6 

Average annual total 

517,894 

m-o 

580,943 

1000 
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Aden is largely responsible for tlie increase of 63,000, tons and 
it again furnisbes tlie largest individual import figure. Aden has 
an ideal climate for making salt, with a negligible rainfall, a low 
humidity, comparatively high temperatures all the year round, and 
warm winds, which are effective drying agents, for ten months in 
the year. Add to these advantages the flatness and low lev(d of 
the plain at Sheikh Othman ; its easily worked, although imper- 
meable, clayey soil ; the low ballast freights in ships that have 
discharged coal ; and one need not wonder at the strides which 
Aden salt is making in capturing the markets served from Calcutta. 
Sea salt is also imported from various ports on the African littoral 
of the Ked Sea“ -the imports under ‘ other countries ’ in Table 
1)6 are largely from French Somaliland, from Port Said, from 
several ports in Spain and from Tunis. Brine salt, from Liverpool 
and from Hamburg, commands the highest prices. Kock salt, both 
lump and crushed, comes mainly from Germany, but a consider- 
able quantity has recently been imported from Eoumania. A 
shipment of lump rock salt from Liverpool w^as received in 1926, 
but the experiment has not been repeated. 

Of the imports from foreign countries, Bengal ports claim 85 
per cent. ; the remainder goes mostly to Burma. 

Salt is also imported to Bengal from other paids of India. Mad- 
ras, after having been out of the market for several years is again 
shipping salt from Tuticorin to Calcutta. 
Beii8a*r” ‘^'P***^*® From the Bombay Presidency, salt is now 
coming in from the new port of Okha in the 
part of Baroda State at the mouth of the Gulf of Cutch. Some of 
the salt imported from Bombay has the colour of brown mud, but 
commands a price out of all proportion to its quality. Therapeutic 
qualities are apparently attributed to this variety, and it finds a 
ready sale in the Nadia and Burdwan districts of Bengal. Karachi 
salt, both natural (Karkach) and crushed, much of it of a better 
quality than the usual Indian sea salt, is establishing a footing in 
Calcutta. As far as the crushed variety is concerned, it is disposed 
of easily enough in competition with foreign, crushed, sea salt ; 
the difficulty of the importers is that there is not enough of it to 
satisfy market demands. 

The question of the manufacture of salt on the coasts of Bengal 
has again been under discussion. Dr. K. L, Datta,^ who investi- 

^ Govt, of Bexigal, Industiies Dept. BuU, 2G, p. 5, (1927). 
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gated the rainfall and humidity statistics, confirms previous find- 
ings ‘ that there are no prospects for the salt raising industry round 
the coast of Bengal 


Saltpetre. 

(E. H. Pascoe.) 

The conditions necessary for the natural formation of potiissium 
Formation. nitrate in a soil are : — 

(i) a supply of nitrogenous organic matter, 

(ii) the presence of potash, 

(iii) clirnath; e.onditions favourable to the growth and action of 

nitrifying bacteria, 

(iv) meteorological conditions suitable for the efflorescence of 

the salt at or near the surface. 

An id(jal combination of these nec(‘.ssary circinnstances has 
made the Biliar section of the Gangethi famous for its j>ro- 

duction of saltpetre. In this ])art of India we have a population 
of over (300 per square mile mainly ojigaged in farming and agricul- 
ture, and thus accompanied by a high pro})Oition of domestic 
animals supplying an abundance of organic, nitrogen. The rcHpii- 
site potash is derived from the .staple fuel, which consists very large- 
ly of cow-dung and wood. With a mean tem})erature of 78''F. 
during a large part of the year, and a c()mj>arativcly liigh humidity 
comhined with a low diurnal range in temperature, conditions in 
the Bihar plain are unusually favourable for the growth of nitrify- 
ing micro-organisms. The soil around villages would naturally be 
well-stocked with potash, and with a period of continuoiKS surface 
desiccation following a small rain-fall, the suh-soil water, brought 
to the surface by capillary action in the soil, leaves an efflorescence 
of salts of which potassium nitrate forms a conspicuous proportion. 
Similar conditions obtain in parts of Egypt. The saltpetre industry 
has flourished for centuries in India, and receivc^d a marked impetus 
during the days of the American Civil War, when the salt was an 
essential ingredient of all explosives and when India practically 
held a monopoly of its production.^ 

The houses of Indian villages consist for the most part of mud 
and, as a consequence, frequently tumble down and have to be 

^ P. 0. TallonU ; Ceiisus of India, 1921, Yol. Vll, pt. 1, p. 26. 
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renewed. The village site thus becomes gradually rais(*d, and as 
the floors of the houses are frequently made of mud and. cow-dimg, 
there is built up a nitrogenous deposit, which is reinforced by other 
forms of animal refuse and to which are added the wood ashes of 
innumerable fires. The decaying refuse undergoes nitrification, and 
the product drains from these raised village sites into lower levels 
and separates out as an efflorescence consisting largely of sodium 
chloride, sodium sulphate and nitrates of potash and magnesium. 
The accumulations in some of the old village sites are the results of 
hundreds of )''ears. 

The earths from which the crude saltpetre is extracted contain 
sometimes as much as 29 per cent., sometimes as little as I per 

Manufacture cent., blit not often more than 5 per cent. 

of nitrate. The process of extraction is de- 
scribed by C. M. Hutchinson.^ Wood ashes are added to decomj)Ose 
any calcium jiitrate in the earth, and the approximate propor- 
tions of the various salts in the drainage liquor are : — 


Sodium oiilorido • 







Per cent. 

16-25 

Potassium nitrate • 







. 7-24 

Potassium chloride • 







. 0-40 

Magnesium chloride • 







. 0-20 

Calcium cldorido . 







0-10 

Calcium sulphate • 







. OIU 

Magnesium sulpliaie 







0-lU 


On evaj)oratiou sodium chloride first crystallises out, and the 
nitrate is obtained later ; the sodium chloride is consumed locally. 
The (irude saltpetre vari(*s greatly in composition, and always 
contains a considerable amount of sodium chloride. The follow- 
ing are analyses of high and low grade crude salt]>etre : — 


Potassium nitrato 
Maguesium nitrato 
kSodium cldorido • 
Sodium sulphate • 
Xuitoluble matU r , 
Water • 


High 
giade. 
Per cent. 
06-07 

Low 
' grade. 
Per cent. 
26-86 

2-64 

12-24 

21-84 

‘ 34-80 

3-06 

11-20 

0-90 

1-40 

. 6-00 

13-60 


* Agfi. Res. 1%U. P^tsa. Bull. No. 68 (1917). 
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Some of this crude saltpetre {kuthea), wliich may contain from 
30 to 50 per cent, of foreign matter, is used as a fertiliser but most 
of it is sent to refineries for the manufacture of gun-powder. The 
crude earths (Iona mati), from which this saltpetre is extracted by 
lixiviation, are also used on the spot for manure purposes in north- 
western India, especially in the upper Doab where the people arc 
well-to-do, and in parts of Bihar. According to Mukerji^ it has 
been found more satisfactory to use nitrate manure in a compara- 
tively pure form. The typical conditions for the formation of 
nitrate in the Bihar plain are repeated in the Punjab and the United 
Provinces. These two areas are, in fact, reported to turn out 
almost as much as Bihar. 

Owing to the withdrawal of restrictions on the niajiufacture of 
saline substances in India, production figures for saltpetre sub- 
sequent to 1924, are no longer available, 
ro ut ion. Production during 1924, was as follows : — 



Quantity. 

Value, 






Tons. 

Its, 

Uiliar (refined) 


• 



1,820 

6,10,469 

Bihar {kiUhea) 

• 



• • • 


2,98.944 

Central India • 

• 



• • • 


2,951 

Punjab 




• • • 


11,45,811 

Rajputana • 

• 





7,020 

United Provinces 

• 





5,25,497 

Bengal • 

# 



• • • 

44 

10,791' 

Madras 

• 




112 

:i2,554' 





Total 

S,n42 

25:14,037 


The returns for production do not always gise a true index of 
the extent of manufacture ; the figure for 1920, for instance, show- 
ed an excess of exports over production not 
explainable by invoking accumulated stocks. 
There , was a heavy and continuous falling off in production during 
the preceding quinquennium, and the figure for 1924 would appear 
to be the lowest for at least 80 years. All the producing provinces 

^ N. G. Mukerji. — ‘ Indian Agriculture ’ (1901). 

* Production for the official years 1923-24 and 1924-2/5. 

* Estimated. 
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shiired in tin's rodiiction. The average yearly cxj)ort for the five 
years was 6,0G1 tons, compared with 14,271 tons during the period 
1919-23; during the War years 1914-18, when explosives’ manu- 
facture gave a stimulus to production, the average yearly export 
amounted to 21,737 tons. During the pre-War quinquennium 
1909-13, export (16,570 tons) was in excess of that for any post- 
war year, so that the industry, on the whole, shows a general 
decline. For fertilising purposes, Indian saltpetre finds a serious 
competitor in an equivalent mixture of Chilian nitrat(j and FrencJi 
potaslv salts, but a certain amount is used on tea gardens. 

The geograijhical distribution of exports since the War shows 
one or two notable changes. The United States, wdio for many 
years b(ifore the War were India’s largest buyer of saltpetre, have 
now dropped comjdotely out of the returns. During the three 
years, 1919, 1920 and 1921, the United Kingdom wns the largest 
importer, but she has siiic.e been ousted by Ceylon, wlio now ab- 
sorbs nearly threo-quart(‘rs of the exports. Most of the saltpetre 
exportcid leaves India through Calcutta, the rest passing tlirough 
Karachi, Bombay and, to a very small ext»ent, Madras. 

Calcutta is still, as it always has been, the chief pori. through 
which saltpetre leaves India, the exports during the period under 
review having amounted to 94-9 ])cr cent, of 
thrS(jf)oitsu^ shares in total, as compared with 88-4 ])(‘r (jcnt. 

during the preceding period. Bombay’s and 
Karachi’s shares of Indian exports during the period under revi(;w 
amounted respectively to 4*1 per cent, and 1-0 per cent, as against 
2-3 and 9-3 per cent, during the preceding quinquennium. The 
average annual exj)ort8 from the different provinces during the 
period 1924-25 to 1928-29 have been : — 


Bengal 

Bombay 

Sind 


Tons. 

5,566-8 

2399 

55*5 


Total • 6,862-2 



Table 97. — Distribvfion of Saltpetre exported during the years 1924 to 1928, 
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A certain amount of saltpetre is used for agricultural purposes 

on the tea gardens of India. During the War when it was impos* 

^ «ible to obtain supplies of imported potash 

Consumption in India. .1.111 1 i ^ ^ j 

the amount of locally produced nitrate utilised 

in this way reached an appreciable figure. The total quantity 
consumed during tlie quinquennium 1919-23 was in the neighbour- 
hood of 4,000 tons. The practice continued and the quantities 
estimated to have been absorbed for fertilising purposes on tea 
gardens in 1924, 1926, 1926, 1927 and 1928, were 1,100, 800, 700, 
600 and 250 tons, respectively. The gradual decrease since the year 
1925, is due to the fact that it is found cheaper to employ a mixture 
of imported sulphate of ammonia and chloride of potash. 


Only very small quantities of saltpetre for chemical and medicinal 

purposes are imported into India by sea, but a considerable quantity 

^ .... . comes from Nepal. During the five years 

Trans-frontier Imports. i . r at i 

1919-20 to 1923-24, the imports from Nepal 

averaged 3,984 cwts. annually. Owing to the discontinuance of the old 
system of registration of trade by land and the introduction of a 
new system of registration from the 1st April, 1926, of selected com- 
modities only and at certain selected railway stations adjacent to 
important land frontier routes, figures for the imports of saltpetre 
from Nepal are no longer available. 


Saltpetre is made on a small scale by the Kachins of the North- 
ern Shan States. The soil is lixiviated with water by being packed 
Burma V-bottomed rectangular troughs some 6 

feet long, 3 feet broad and 5 feet high, con- 
structed entirely of bamboo. The trough is lined with the sheatlis 
of bamboo stems laid like slates. The base of the trough consists 
of a very large split bamboo with perforations through which the 
liquor drips into another split bamboo and is by it led into a 
bamboo bucket. The liquor is evaporated on the spot in shallow 
iron pans similar to those used for the preparation of molasses. 
The saltpetre is all of it absorbed locally for the manufacture of 
gunpowder. 

Earth containing about 6 per cent, of saltpetre has been noted 
in the compounds of hpongyi kyaungs and around the bazar at Pyin- 
daw in the Yamethin district oi Burma, but nothing is known as 
to the quantity present. 
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[G. Vernon Hobson.] 

There arc no known occurrences of silver ores mined primarily 
as ores of silver, in India, the metal being obtained entirely as a 
by-product in the mining of gold and lead. Over 99 per cent, of 
the Indian silver production is obtained from tlie argentiferous 
lead-zinc ores of the Bawdwin mine, Northern Shan States, Burma. 
The reader is referred to the article on lead (page 154) for a 
description of the ores and their treatment at this mine. 'The 
remainder of the silver output is obtained from the gold ores of 
the Kolar field in Mysore and Anantapur in Madras (page 913) ; the 
contribution from these sources is insignilicant compared with that 
of Bawdwin, as will be seen from Table 98 showing the 
silver production by localities. 

In August, 1927, the North Anantapur Gold Mines Ltd. ceased 
operations, so that there is now no production from Madras. The 
output of silver from Kolar has remained well below the average 
for the four years preceding the period under review, whilst that 
from Baw^dwin has shown a substantial and growing increase. 

The production of silver in the world during 1926, was 25H million 
fine oimccs, India’s contribution being a little ovtu 2 per cent, of 
the total. In 1924, India occupied the sixth position amongst the 
leading silver-producing countries of the world; in 1925, she fell to 
the seventh and in 1926, to the eighth place ; in 1927, she regained 
the sixth place, cognisance not being taken of Germany for which 
figures are not available. The Bawdwin mine is the largest individual 
producer of silver in the world. India remains the largest single 
consumer of silver in the world, the net imports of the metal having 
averaged 98,198,791 ounces of an average^ value of Rs. 16,89,15,452 
during the period under review'. 

The market price of silver per standard ounce, as quoted in 
London, has shown considerable variation during the 1924-28 
quinquennium. The period opened with the price fluctuating between 
36 and 31 pence per fine ounce. It then gradually fell to 24J 
pence per ounce towards the end of 1926, and at the same time the 
limits of fluctuation contracted. At the close of the period the 
price was fairly steady between 26 and 27 pence per fine ounce. 

It was announced in August, 1927, that the total stock of fine 
silver held in the Paper Currency reserve, amounting to approxi- 




(fl) 1919 not included. •(£l=Efi. 13-9). t (£1 Es, 13-3). + (£l*=Rs. 13 41. 
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mately 9,000,000 fine ounces, had been sold. When the price of 
silver rose to 28 J pence in May, 1928, it was announced that opj)or- 
tiinity would be taken to sell silver from the Paper Currency re- 
serve in special quarters for delivery in instalments. This announce- 
ment followed a very careful examination of the whole question 
of the disposal of the surplus silver coinage in India. The examina- 
tion demonstrated th(i fact that it would bo necessary to refine the 
silver, there being no demand for the 917 per mille alloy used for 
rupee minn. In their report dated January 25th, 1928, the Standing 
Finance Committee recognised that the process used in the Indian 
mints for silver refining was unsuitable for the new work, the cupelling 
furnac(*s being intended for small scale operations, and mainly for 
the refining of silver recovered from mint drosses. It was decided 
that tin'. eloctrol}d,ic ])rocesa was simple and quite suitable' for Indian 
conditions, and that what was known as the horizontal system, 
exemplified by the Balbach type of cell, had important advantage's 
over others, namely, simplicity of operation, facility with which 
(h'-posited silver could be collected without disturbing the cell ele- 
ments, and tlio convenience and economy of being able to refine 
silver coin without previously melting. It was then'fore proposed 
to sot up an electrol}d}ic refinery on the Balbach system at the 
Bombay mint. 

We are indebted to Major A, J. Ransford, Officiating Mint 
Master for the following note, transmitted through the courtesy of 
aovernmeiit Silver the Controller of the Currency, on the opera- 
Refinery. tion of the refim^ry in Bombay. 

Ifiie silver refinery project was sanctioned by the Govern- 
ment of India in Ot'tober, 1927, and orders for the necessary plant 
were issued at once. The bTiildings were commej)ced in April, 
1928, and the refinery started work in March, 1929. The build- 
ings consist of a three-storied silvc'r nitrate buihling, and a large 
single-storied cell room, divided into silver and copper cell rooms, 
generator room, and chloride redmition room. 

The top floor of the silver nitrate buildings is used as a nitric 
acid store, from which nitric acid is syphoned through acid-proof 
steel tubes to vats on the first floor, situated above the silver nitrate 
retorts. These consist of steam- jacketted acid proof ‘ ironac ’ 
vessels into which unrefined silver (rupees or silver recovered from 
chlorides, desilverising vats etc.,) is placed. Acid is allowed to 
run in slowly, and the resulting red fumes are removed by a vacuum 
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pump, through a system of catch pots, condensing pipes ^aAd wash- 
ing towers, where any traces of silver and most of the nitrous oxide 
fumes are removed, converting the washing water to dilute nitric 
acid, which in turn is used in the ironacs for making more silver 
nitrate. 

After about eight hours, the action ceases, and sUver nitrate 
is syi)honed off to settling vats, from which, when cool, it is run 
down to storage vats on th(‘. ground floor. 

The silver cells arc arranged in three groups, each group being 
connected in series parallel to a separate motor generator giving 
approximat(*ly 500 amps, at 50 volts. Tlie cells are arranged 
on the Balbach system, the kathodes and anodes being arranged 
horizontally. The katliodc consists of graphite platt'S fitted to the 
bottom of the cell, connected in (circuit by a tine silver ^ foot.’ 
The anode consists of rupee coin spread loosely on a wooden tray 
lined with filter paper, at the top of the cell, conneettid in circuit 
by a standard silver ‘ foot.’ The electrolyte is dilute silver nitrate. 

Pure silver in a finely granulated form is deposited on tlie ka- 
thode, whence it is removed by scraping three times in 21 hours, 
washed with hot water, dried by hot air, and finally melted and 
cast into commercial ingots. The fimness is usually between 099 
and 1,000 per mille. Copper and other bas(' metals go into solution 
in the electrolyte ; gold and platinum, if any, are de 2 )Osited with 
the dirt, as a black sludge on the filter j^aper. The accumulation 
of this sludge raises the resistan<'e of tlie ccjIIs, and when the voltage 
of the group list's to about 70 volts, it becomes necessary to clean 
out the trays, removing and washing the sludge, which is dried 
and melted, and the precious metals recovered. 

When the copper content of the electrolyte rises to 12 or 13 per 
cent, copper is deposited with the silver on the kathode, reducing the 
fineness of the output. The electrolyte is then pumped from the 
cells to a number of desih erising vats tilled with pure copper strips, 
upon which the whole silver contents is duly deposited as a fine 
white powder, known as ‘ cement silver ’. This deposit, when 
washed and melted, is of sufficient fineness to be used again in the 
irona< 2 P, to make silver nitrate. 

^ When quite clear of silver, the liquor which now consists of a 12 
per ceint: solution of copper nitrate is diluted to about 8 per efent. 
and then syphoned off to the copper cells. These are arranged with 
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vertical anodes and kathodes, the former being of fused magnetite, 
and tlie latter of pure co^jper. On passing an elcctiio current, 
through the copper colls, copper is deposited on the kathodes, the 
coj)per contents dropping in about three days from 8 per cent, to 
1 per ceut. and the nitric acid content I’ising to about 14 per cent< 
The nitric acid thus formed i.s pumped to the top floor of the 
nitrate building, ^vhcnce it is run down to the ironacs, to make 
more silver nitrate. The copper kathodes arc melted and cast into 
bars, fresh katliod(‘S being rolled out as required. 

Base metals such as lead, iron, nickel and zinc accumulate 
in the liquor during the continuous circle of operations, and when 
these rise to the 2 )oiut when the silven* deposit is aflccted, the 
liquor from the coppi^r cells, after forming silver nitrate, is j)assed 
to a concentrator. This consists of a set of double acid proof 
tu])ing, the li<juor passing througli the centre, and steam passing 
outside. The concentrated liquor is tlien allowed to cool and 
crystallise, the silver nitrate crystals thus obtained being used 
in the silver cells, while the mother liquor, after being completely 
desilverisod with salt solution, is run to waste. 

T^liere remains the treatment of the wat(',r used in washing the 
fine silv(‘r deposit. Tliis is run into chloride vats, treated with 
salt solution, and the silver chloride tluis obtained is reduced with 
scr<ip iron to cement silver, which is then passed to the iroinics to 
mak(i silver nitrate. Tlie washing water is run olf to sum 2 )S filled 
with scrap iron, where the last traces of copper and silver are re- 
moved, and the water run to waste. 

A small laboratory is attached to the refinery, wliere rough 

tests of the silver and copper liquors are carried out, more 
accurate tests being provided by the assay office as re» 

qiiirod. 

The plant is run continuously seven days a week, and will 
shut down for about tlircc or four wrecks in each year for clearing 
up and .comiuiting losses. The cliicf trou])le to be overcome is 
erosion caused by acid fumes, dilute nitric acid, silver nitrate and 
chloride. Acid-proof stcel.s and irons have proved themselves ellicient 
in resisting erosion, but will not stand the action of salt solutions 
or (hloride. Brickwork even protected by asphalt is not acid 

resisting, and has had to be replaced by special acid resisting 

bricks obtained in England. Pumps, lift, fans and other machinery 
require special protection against acid fumes. 


X 
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Arrafigoments have been made to refine silver for -the public, 
required, though no actual details of cost have yet been worked 
out. These costs will be detennined after the Christmas overhaul. 
The charges for refining silver have been fixed provisionally as 
follows : — 


per 100 
tolas 
gross 
weight. 
Rs. 

For silver of 900 fineness or over ..... 1-3-0 

„ 850 to 899-9 1-5-0 

„ 800 to 849-9 1-7-0 


Silver below 800 fiiu'jiess is not accepted. The above (‘harges 
include all losses in refining, melting and casting into bars, but not 
the loss in pr(‘-melting for assay. Fine silver is issiu'd to the jiublic, 
on the assay report, within 3 or 4 days of reciupt of tlu'. silver to be 
refined. The bars turned out from the ndincry are all of 999 fineness 
or over, of good appiuiraiicc, and of approximately 1,000 to 1,200 ozs. 
weight. Th(‘y arc stamjxHl with tlic Mint mark, a melting number 
for r(d(u*euce, fineness, and weight both in oiuiees and tolas to one 
phuu' of decimals. 

Although the costs of repairs arc somewhat heavy owing to tlui 
continual erosion, there appears to bo no reason why the plant 
should not last 20 to 30 years, without any extensive nqdacements. 


Tin. 

tJ. CoaaiN Brown. ] 

The casgitefite deposits of Burma, which furnish practically the 

whole of India's production of tin have been worked from a remote 

^ j antiquity, especially in the districts of the 

Tcnawerlm deposits. t m • j - • • mi_ 

Lower Tenassenm division. The region 
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throu^^li which tJie Burnn'se tin ore is rli.ss(‘nxiTiatc<}, t'orresponds 
exa,(*(ly with that (U\scribc(l in aiioUicr section of this review in the 
case of wolfram, for th<^. ores ol tunf^sten and tin are. most intiniatrly 
associated and of identical origin. The graniti(^ mountain 

range's of Lower Ihirma are tln^ northern contimiation of the same 
rocks wliich liaAc. yieldeel tJie. rich and well-known tin steme dejeosits 
of the. Malay reniiisuhi and \V(\stern Siam* 1’Ju‘ s])oradic occur- 
rences of cassiterite in India proper are not of any economic im])or- 
fcaiice. 

• 

Tt has again to he. recorded that although the ores of tin and 

tungsten occur in sucdi cJos(» a,ssocialion in thi‘ parent vc'ins of the 

„ , Tenassc'i’im division and aJthough the iwicoB 

Prodiiclioii. 1.11 r 1, 

obtainabh? lor wonram concentrate's have 

ranged unusually low in the world’s markets for the. whole period 

under review, tliesi'. eonditions have not interfered with the steady 

growth of the tin industry whhdi, if not speetaeular, is, none the less 

real. 

Th(i diilieulty mentioned in eaTlier reports of deciding on the 
a])j»roxiniate eomi)osition of the inixcnl tin and tungsten (oneentrates, 
though still in existence is not so pronounced now as formerly, 
for an increasing proportion of the tin ore output is ol)taine(l 
by dredging and other hydrauli(‘. methods, wliieli yield a })roduct 
])racti(ailly free from wolfram, while most of tlie mineraJ obtained from 
general mining operations of all kinds is submitted to magnetic 
treatment for the separation of tin* wa)lfrain before export 

There has been no recorded production of ])l()ck tiji for the whole 
of the quinquennium and it a])pears thererorii that tlie Chim;se 
practice of smelting tin ore in iVlergui before ex])ort has entirely 
ceased. For the ineviuus quinquennial period (1919-192^), an 
average of 1138 tons per Hiiuum was made. 

The total output of Burmese tin eonceiitrates has risen from 
1,880 tons valued at lis. 28,93,695 in 192h to a maximum of 3,548 
tons valued at Bs. 61,01,858 in 1926, falling again to 2,780 tons of 
a value of Ks. 45,41,201 in 1928, being an average of 2,802, valued at 
Rs. 47,43,602 per annum for the period 1924-28. Table BK) 
shows how this compares with the two former periods : — 

X 2 



T'ttiT.'g ^^.—Qumtity and value of Tin-ore produced in India during 1924 



EzcIudeB 2*18 tons of low grade wolfram-scheelite-cassiterite ore 
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Table 100. — Growth of Tin ore production in Burma. 


Quinquennial periods. 

Avisrage 
untiual output 
of 

ooiitientraies. 

Average 
annual value. 


ToiiH. 

Rs. 

11)24-28 

2,802 

47,43,601 

1919-23 

1,854 

23,32,747 

1914-18 

483 

7,62,600 


When it is remembered that the Mawchi mine in Karenni was 
idle for the greater part of the period and for three years sliowed 
nothing in the annual returns, these figures become all the more 
satisfactory, especially if the difficulties and delays which have 
b()en encountered in opening up new dredging concessions in isolated 
localities are taken into consideration, together with the world-wide 
fall in the price of the metal in recent years. 


Table 101. — Gonswnption of foreign block Tin in India, 


Year, 

iMFOKTS. 

1 

Re export, a. 

Conauinptioii 

1 

Quantity. 

Value,. 




Rfi. 

Cv.'ts. 

CwtP 

1924 


48,474 

78,31,317 

4,257 

44,217 

1925 


65,259 

94,73,119 

7,224 

48.035 

1926 


51,023 

94,72,957 

2,231 

48,792 

1927 


60,529 

1,16,72,352 

485 

00.044 

1928 


56,316 

92,22,619 

3,705 

52,611 

Average . 


1 

1 64,320 

95,35,073 

3,6S0 

50,740 
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Merijui district. 


The consumption of metallic tin, imported in the unwrought 
form of blocks, ingots, bars and slabs, continues to increase in India. 

Tlie average annual quantity amounted to 
onsiimp ion. 2,710 tons valued at Rs. 95,35,073 for the 

period 1024-28, compared with 2,137 tons valued at Ra. 05,95,710 
for the previous quinquennium. Ninety-seven per cent, of this 
metal came from the Straits Settlements. It is perhaps legitimate 
to enquire whether it would not be prodtabh^ to smelt tin ore in 
Burma iustA*ad of exporting it abroad and then importing the 
metal again into the Indian Empire, particularly in a country 

where some new industries have been given protection in the form 
of import tariffs on their products. 

During the progress of the systematic geological survey of 
the Mergui district tourmaline-rnuscovite'pegmatites, locally carry- 
ing cassiterite but never wolfram, hav(' been 
found in various places cutting both the 

granites and sedimentary rocks into which they are intruded. 

Full details of these will be found in a memoir on the geology 

of the Mergui district by the late Rao Bahadur Scthii Rama Ran 

which is uow in tlui press. 

Both cassiterite and wolfram display a tendency to deposit in 
thill stringers or leaders, and little veinlets, half-an-inch or so in 
thickness, are often found which reproduce the internal structuivis 
of large veins. Sueli stringers arc often excessively rich for their 
size and ])atches of ore o(;cur in them which arc practically solid. 
When such veinlets occur in closi'- assoe-iatiou in sofl^ ground, Ihey 
may form a valuable source of these ores. Much of the so-called 
‘ alluvial ' concentrate won by sluicing residual or decomposed 
rock is derived from the very numerous stringers and mineralised 
cracks penetrating such rock both in Mergui and Tavoy. 

Tile size of the grains of Burmese stream tin depends entirely 
on the distance the mineral has travelled from its original home. 
Ill the upper parts of the valleyvS, where little classification of the 
river deposits has taken place and where there is still mucli un- 
sorted detrital matter, individual luystals of about tlie same size 
aa a coffee bean, with their edges rounded, can be picked out of 
the finer material. Further down stream, smaller, rather angular 
fragments are characteristic, but in the real alluvial sands and 
gravels the fine concentrated ore develops a rounded form often 
recalling the appearance of gun-powder. Here it is associated 
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with magnetite, ilmeiiite, topa25, garnet and zircon, and sometimes 
with small amounts of monazite and gold. 

Attention has been drawn in earlier reports to the Maliwun 
vein deposits. Originally worked by the Chinese and later by 
European companies, the mine was lavishly equipped with machi- 
nery, but it was never able to pay, and the hydro-(dectric genera- 
tors with mill, compressor, hydraulicung plant and electric trams 
were quickly rusted in the jungle, while a gang of Chinese tributors 
returned to their former practices. The quartz veins and greisen 
bands at Maliwun are in granite, very close to its margin with tlie 
Mergui sediments, and they contain much white mica and ^ome 
pyrite, chalcopyrite and arsenopyrite.. Tounnaliiui has also been 
recorded. 

The question of searching iieneatli the sea for tin ore along the 
Tenasserim coast received some attention during the ])criod under 
review and concessions lor this purpose were granted by the Ciovtun- 
ment of Burma along the shores of the southern ))art of the Mergui 
district. There is little doubt that alluvial deposits brought down 
by rivers traversing stanniferous rocks, and spread over tlie sea 
floor in the vicinity of their mouths must contain a certain propor- 
tion of eassiterite. indeed submarine tin deposits have been 
profitaljly worked in Java and other eastern ('ountries ]>iit up to 
the ])reseut, they have not been located in Ihirmese waters. 

Amongst important events which took place during the p(*riod 
under review in the mineral industry of the Mergui district, the 
commencement of large scale dredging operations by the Tha])aw- 
Icik Tin Dredging Company, Limited, in 1920, on alluvial deposits 
about eight miles from Nyaungbinkwin, and of liydraulitj mining 
by the Anglo-Burma Tin Company, Limited, in 1928, at a neigh- 
bouring locality, deserve espeidal mention. 

Ge/^logical conditions in Tavoy district arc much the same as 
those in Mergui. (Jranite intruded into an ancient sedimentary 
series forms the cores of the mountain rang(\s ; 

Tavoy district. qiiartz veins and pegmatites carrying wolfram, 

eassiterite, molybdenite, bismuth, bismuthinite, and a largo vaiiety 
of sulphides, cut through them both. These minerals occur nlso 
in the alluvial deposits of the hill-skies, where veins are undergoing 
degradation, and in the coarse unsorted debris of clay, rotten rock 
and boulders, which tend to accumulate at the heads of the fl.atter 
valleys. Cassiterite is found too in the water-sorted alluvial deposits, 
thue gravels and sands o the lower portions of the streams. 
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Though Tavoy is primarily a wolfram-bearing region, there are 
areas within its boundaries which are richer in cassiterite than the 
rest and it is from these and from the gradual extension of dredging 
operations that increased production has been and will be recorded. 
The Tavoy Tin Dredging Corporation continued its prosperous 
career during th(i period. The early history of this pioneering 
concern was given in the previous review and it need only be added 
here that contiguous areas adjacent to the original leases have 
een added to the available dredging ground, while to the north 
t e Shwe cliaung concession has been proved to contain reserves 
of ofe-bearing ground. Three dredgers are now at work on the 
Hindu cliaung. The Corporation has also taken part in extended 
prospecting operations in both the Tavoy and Mergiii districts and 
olds large interests in the following concerns, which have all come 
into existence, during the period. The Northern Tavoy Tin Dredg- 
ing Company, Limited, which has leased large areas in and around 
the Heinze basin, already equipped with two dredges, one of which 
was built in Holland and towed out to Burma : the Thingandon 
Tin Dredging Company, Limited, which has a dredge oi)erating on 
an alluvial flat on the Pauktaing river, 18 miles north-cast of 
Tavoy town : the Theindaw Tin Dredging Company, Limited, which 
has installed a dredge on the river of the same name in the Mergui 
district. 

In addition to the companies mentioned the Kanbauk (Burma) 
Wolfram Mines Limited is working two dredges and a sluicing 
plant at Kanbauk in the Tavoy district; the Anglo-Burma Tin 
Co., Ltd., has installed monitors and hydrjiulic elevators on their 
Heinda area ; the Kamounghla Tavoy Tin Company, Limited, has 
been formed to work certain alluvial tin-bearing deposits in the valley 
of the Maungmeshaung chaung, while the Consolidated Tin Mines 
of Burma Limited has taken over the properties of a number of 
lessees in the central portion of the district. It will be remarkable 
if these and other concerns do not make their influence apparent 
in an increased output of tin concentrates from Tavoy during the 
coming quinquennium. 

The output of tin ore from the Amherst, district continues to be 
negligible and only averaged 2*9 tons per annum for the period. The 

Amherat district. geological survey of the district has been 
continued intermittently during the period and 
the metamorphic aureoles around the intrusions of the local granites 
have been proved to carry tourmaline and veins of tourmaline 
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micropegmatite which in places bear quartz stringers with cassiteritc. 
In addition to the localities mentioned in the previous report, 
occurrences of tin ore have been sporadically worked in lateri^ic 
talus deposits at Thetkaw and at Sakangyi while a small pegmatite 
vein traversing shales and sandstones and containing black casvsi- 
terite is known at Kunhnitkway. 

^ . The output from the Thaton district conti- 

Thaton district. i \ i i 

nuecl to be very small and only averaged 

seven tons per annum. 

A complete reorganisation of the Mawchi Mines took jdace 
towards the end of the period under review and at the same time 
a new programme of development has been initiated by the driving 
Southern Shan nf two main low level cross-cut adits, the 

Spates. f^rst of which has already intersected all the 

lodes in the western section of Mawchi hill. The company reports 
that both widths and values in wolfram and tin-stone are satis- 
factory at this depth. Additional hydro-electric power has been 
provided, ste])s have been taken to improve the transport routes, 
which connect the mine wdth the sea-board, and it is anticipatiid 
that with the resumption of milling activities at Mawchi, the output 
of both wolfram and tin-stone from the Southern Shan States will 


show a marked increase in tlie coming quiiupiennium. 

Cassiteritc is known to occur in the Hazaribagli district of Bihar 
and Orissa and insignificant quantities of the ore have been returned 


Indian occurrences. 


from this locality in previous periods. They 
are believed to have been derived from the 


Nurunga deposits where the mineral is found in a cassiteritc gran ulite. 
Both this and the further occurrences of Pilira and DomcJianch in 


the same district, though of some scientific interest ])Ossess no econo- 


mic importance. 


Tungsten. 

|J. CoGGTN Brown,] 

The earlier records of the occurrence of wolfram, a tungstate of 

iron and manganese, in Burma, date back to the forties of the last 

century and refer mainly to the efforts of 
Historv ^ 

misguided enthusiasts to extract tin from the 

mineral. These early experiments were completely forgotton in 

the course of time and it was not until 1908 that wolfram was redis- 
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covered by a member of the Geological Survey of luilia. From 
that time onwards tlie industry nlowdy developed through many 
vicissitudes until Burma headeil the list of the world’s producers, 
a position which she occupied in 1914 when the w^orld War broke 
out and found the British limpire dcpendtmt upon Germany for 
supplies of tungsten — the rnetal which is so essential for martial 
operations. The measures which were talcen to deal with this 
unpre(^edcntcd situation and the degree of success which they 
attained hnve been described in earlier reviews. It is only necessary 
to re( 5 all here that the average annual output for the years 
1914 18 was 3,473 tons. A period of stagnation followed and 
tlie next quinquennial period (1919-23) only registered an average 
of 1,72b tons per annum, valued at Rs. 15,89,725, for reasons 
discussed in its review. During the last quincpienniuTU tungsten 
mining in Burma has gone from bad to worse and the average 
annual output for the years 1924-1928, was ordy 955 tons, valued 
at Rs. 4,80,752, most of whkdi was probably obtained as a 
by-product in mining operations conducted primarily for the recf)very 
of tin ore. 

In the last review reference was made to the extraordinary history 
of China n,s a wolfram producing <-ountry, which quickly put her 
in the first place of the world’s list. The world’s production of 
tungsten ores to-day may be taken as approximately half that of 
the war p(iriod, but China still dominates the situation with a pro- 
duction far in excess of that of any other country, in spite of her 
own political upheavals. On the whole the world’s markcit for 
tungsten ores has been stagnant and neglected, yet prices have- 
shown some tendency to rise viewing the (luinqucnnium as a whole. 
Thus in 1924, 05 per cent. WO 3 ores only averaged 10 or 11 shillings 
per unit, while during 1928 the averagci was probably nearer 16 
shillings, with the higher prices in evidence towards the later months. 
These prices nevertheless compare very unfavourably with the 
55 shillings per unit received during the war, and it is doubtful if 
wolfram mining, except as an adjunct to the tin industry, will show 
much improvement in Burma, milcvss and until prices rise considerably. 

As the following table shows, the Tavoy field maintained its 
earlier predominating position, though it is possible that its produc- 

Prod ction would have been beaten by the single 

“ Mawchi mine in the Southern Shan States had 

this been in operation throughout the whole of the period instead 
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of for two years only. The mixed concentrates from the Mawchi 
mine are exported in that state and are not separated completely 
ill Burma. For the years 1926, and 1927, duriii" which returns were 
made, it has been assumed for the juirpose of tliis revii'W that they 
contained 13 per cent, of wolfram and 57 per cent, of cassiterite. 


Table 102. — Quantity and value of Tungsten ore 'produced in India 

in 1924-28. 


Year. 

Mkikjli, 

SoiITHJSltN SlJAN 
STATES. 

Tavov. I 

Totat^ 

Quantity. 

Valve. 

Quantity. 

Value. 

Quantity. 

Value. 

QiianUty. 

Value. 


Tons. 

lla. 

'I’ons. 

Us. 

'r»)ns. 

Its. 

Tons. 

Its. 


()-:i 

01 



738 7 

3,41/300 

739*0 

3,41,38! 






772 2 

4,51,304 

772*2 

4,51.864 

192(1 

9 

5,0 IH 

7:i:t 

\a) 

3,'}S,90U 1 

742'U 

1 4,00,347 I 

1,4S4*0 

7,70,004 

1927 

8 

4,070 

(^30 

(«) 

4,00,330 

.522-0 

3,56,003 

1.160*0 

mm 

1928 . 

29 



•• 

503-0 

3,37,852 

022*0 

2,00,649 

Averngt! 

9-‘J 

4,‘lOh 


1,33,000 

073 0 

3,48,701 

f56A 

4,80.752 


(a) Ktifiuiutod. 

(h) iilH tons of low grade wollram-scheelito-r^ibBJU'nU' ore jjurehased lor Us. 5:1, S4l 

from Mawelii. 


Quartz veins containing wolfram have been found at intervals 
over a distance of 750 miles in Burma from Yengan and Mawnang 
states of the Southern Slian States through 
OccurrtMicc in Burma. distric.ts of Kyaukse. Yamethin, the state 

of Karen ni, I’liaton, Amherst, Tavoy and Mergui. In all these 

localities the wolfram and cassiterite- bearing veins arc closely asso- 
ciated with a biotite boss-granite, which forms tlie core of the ranges 
of the Indo-Malayan mountain systeju stretching furthiir to the 
south, through Western Siam to the Malay Peninsula. The granite 
is intruded into a series of hardened and crushed shales, slates, 

argillites and agglomerates with greatly subordinate quartzites, lime- 
stones and conglomerates known as the Mergui series. These 

rocks are of unknown age, and are characterised by a monotonous 
uniformity of type over great areas and over an immensely thick 
mass of strata. In its typical exposures, though it varies consi' 
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derably in texture, the granite is extraordinarily uniform in composi- 
tion. It contains abundant quartz, both orthoclase and acid 
plagioclase, while the mica is usually biotite. Tow.ards the periphe- 
ries of tlie intrusions, the rock becomes finer-grained than the por- 
phyritic and coarse varieties nearer the centres ; biotite is scarcer, 
and musci>vite takes its place. Hornblende is rare and accessory 
minerals are very uncommon. Pseudo -foliation is often developed 
near the contacts, and lias led some observers to mistake portions 
of the rock for gneiss. 

Both wolfram and cassiterite occur very siiaringly as accessory 
minerals in the granite ; they are also found in aplite and pegmatite 
veins traversing it and in the greiscns, the narrow bands of 
quartz-mica rock formed by the alteration of the granite adjoining 
the true quartz veins. These modes of occurrence are of more 
theoretical interest than practical importance, and, with the 
exception of the surface deposits, quartz veins furnish the great 
bulk of the concentrates from Burma. Mineral-bearing quartz 
veins are found cither in the gr<inite, penetrating its contact with 
the sedimentary rocks, or enclosed witliin the latter rocks them- 
selves at no great distance from the granite. The veins were formed 
by thf3 infilling of fissures and often occur in parallel groups of over- 
lapping lenses. The lenses themselves arc often irregular, thinning 
out and thickening again, splitting and then re-uniting. There is 
every variation from great veins traceable for miles on the surface 
to mere stringers. The general strike follows that of the main 
mountain trend, and is N.-S. to N.E. — S.W. Dips are usually 
high. 

In dilicrent parts of Burma, the mineral associates of wolfram 
are not the same. Beryl has only been found at Byingyi in the 
Yamethin district. Tourmaline is common at Mawchi in Karenni, 
in the Thaton district, and in parts of Mergui ; in Tavoy it is un- 
known in conjunction with wolfram or cassiterite. Here, in addi- 
tion to these minerals, the quartz veins carry mica (practically 
always), fluorite (often), molybdenite (sometimes), pyrrhotite (in 
some cases), galena (rare), zinc blende (rare), arsenopyrite (rare), 
native bismuth (rare), bisrnuthinite (rare)', and topaz (in one case 
only). In the Tavoy district alone there were over 100 producing 
concessions in 1918, which ranged from shallow workings operated 
by primitive Chinese methods to deep mines, fully equipped with 
the most modern concentrating plants. The largest mines were 
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Hermingyi, Kanbank, Wklnes, Pagaye, Paimgdaw, Taungpila and 
Kalouta.^ 

The chief wolfram deposits of tlic Jlcrgni district are near Paluuk 
in the north, and at Tagu near the Great Teuasseriin river, some 
70 miles from its mouth. The veins of the Tagu area are remarkable 
for their large size, varying fr<»m 3 to 15 feet in tliirkness ; tliey are 
all in granite, and carry arsenopyrite and chalcoi)yrite. The veins 
of the Maliwun area, too, in the extreme south of Mergui district 
are in granite, but in the Palauk area the veins occur in both granite 
and sedimentary rocks. 

The wolfram bearing veins of Thaton are in two well-marked 
series — one in granite, and the other in tlie sandstones of the long 
mountain ridge whicli runs parallel to th(‘, coast through this district. 
They differ markedly from those (»f Tavoy, in that they carry tour- 
maline. Four parallel veins, only a few inches thick, have been 
traced for the unusual distance of miles. 

The well-known Mawchi mine is situated in the southern portion 
of the Bawlake state of Karcnni. It possesses at least ton important 
veins varying from to 5 feet in thickness, which are all in granite. 
(See Tin.) 

Tlie wolfram-bearing area of the Yamethin district is situated 
close to the summit of Byingyi, a peak which rises G,254 feet above 
sea -level on the borders of Yamethin and the l.oi long state. The 
veins are in granite, and carry wolfram, molybdenite and beryl. 

In the concessions of the Myelat division of the youthern yhan 
States, granites, clay slates and quartzites are penetrated by veins 
carrying wolfram, molybdenite and copper, and iron compounds. ^ 

Although further discussion is impossible here, it is hoped that 
the brief notes given will demonstrate clearly how closely all the 
woKram and cassiterite deposits of Burma are associated with the 
intrusive granite already mentioned. It is believed that the deposits 
were formed partially under conditions closely allied to strictly 
magmatic ones, and were also produced by processes in w^hich 
gaseous agencies, including compounds of fluorine and sulphur, 
to some extent played a part, and, in rare eases, by hydrothermal 
reactions which followed as a consequence of the former ones. Thus, 

^ See J. Coggin Biown and A. M. Hcion , ‘ The Geology and Ore Oepositp of Tavoy, 
Mem. Geol. Surv. Iml., Vol. XLIV, Pt. 2 (1923). 

* Kor fuller deiailB see ; ‘ The Ihetiibulion of the? Oies of Tiingaten and Tin in Bmraa, 
by J. Coggin Brown and A. M. Heion, lice. Geol. i^urv. J tuL, VoJ. L, i)p. 117— 129 (1919), 
and ‘ A geographical Claasifi cation of the liflincial DepoBilB of Buima’ by J. Coggiu 
Brown, oj>. cit., Vol. LVI., pp. 66-108 (1924). 
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the whole procesH of mineral- veins formation, associatecl with this 
grfiat granite chain, appejirs to be a direct se([iience of processes of 
differentiation or fractumal crystallisation, through a varying series 
of phases, influenced by local conditions and induced in the original 
magma by deert'asing temperature. 

No output of wolfram was registered cither from the Singhbhum 
distric.t of Bihar and Orissa or from Marwar 
in Rajputana during the period under review. 


Indian occurrences. 


Zinc. 

[G. Vkrnon Honsois.] 

Zinc concentrates are produced at the milling plant of the Burma 
Corporation, Ltd., at Namtu, Northern Shan Skitcs. The zinc 
mineral is sphalerite occurring a.s an intimate associate of the galena 
at the Bawdwin mine. {See Lead.) 

The origin of the zinc industry in India is of comparatively 
recent date and the progress made has been very substantial. 
During the (luiucpiennhil period, 1901)-13, no j)roduction of zinc 
was recorded; during the x^eriod 1914-18, exxx>rts were returned 
as 11,973*0 tons up to 19 JO and nil after that; the period 19J9-23 
marked a steady development with exports rising from a quarter 
of a ton in J9L9, to 18,001 tons in 1922. There was then a set-back to 
2,002 tons in 1923, The x^^riod under review has been marked by 
a steady and rapid increase in the output of zinc concentrates, us 
may be seen from the table accompanying this article. The slight 
sct-back in 1925 was due to mine fires and therefore abnormal. 


Table 103 Quantity and value of Zinc-concentraies produced 

during 1924-28, 



Tuns. 

Valxjk. 

RiijJceB. 

Sterling. 



1925 



1927 

1928 

Total 

1 024-28 . . • • • 

18,650 
16,810 
48,834 
58,286 * 
64,122 

21,00,800 

20,25,924 

63,24,491 

73,19,408 

74,96,118 

I61,784t 

152,325i 

471,977'^ 

546,229* 

559,412* 

206,702 

2,52,75,801 

1,881,727 

41M0 

50,55,160 

376,346 


X£1=1U. 13*9. t £1=«R8. 13-3. *£l=iR8. 13-4. 
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It was mentioned in the last review that the proposal to smelt 
the Burmese zinc concentrates at Jamshedpur, and to recover tlie 
sulphur in tbe form of sulphuric acid, had not eventuated. During 
the period, however, extensive iiivestigatioiis had be(‘n made into 
the most economical method of prodiujing marketable zinc concen- 
trates at Namtu. A spcicial exj)erimcntal lloiation plant had been 
installed for the purpose, and it was anticipated thnt the regular 
shipment of Burmese concentrates in large quantities would become 
a feature to record in the future, unless the Indian sulphuric acid 
project were revived. The project has not beeii revived ^aiid 
the exportation of Burmese zinc concentrates has developed in 
a remarkable manner. The concentration mill at JSTuutn is now 
working in an eflicient manner, the percentage recovery of zinc from 
current ore having been improved to 51-7‘J per cent, and a further 
improvement is looked for as a r<‘sult of research work that hus 
been in progress for some time. It is anti(‘ipat(‘d that tlie lijne 
will shortly arrive wlien a substantial selected j»ortion of the lower 
grade ore reserves in the mine will be treal(‘d. This treatment will 
involve a considerable increase in the volume of material to be 
handled by tlic coiiceutratiou mill with an increase in the out-turn 
of zinc concentrates as a miiural corollary. The new construction 
w^ork a.t the mill was already in progress at llie close of the period 
under revienv and, in the absence of any restraining factors, a, con- 
tinued incr(jase in the production of zinc concentrates in llic future 
may bo expected. 

It was (UiiTy reahsed by the Burma Corporation, Jjtd., that with 
the rapidly increasing output of zinc concentrates there was a licavy 
and growing charge on account of the transport to Phirope of the 
waste contained in these concentrates. An investigation was insti- 
tuted to find out if the zinc concentrates could be used to bettor 
advantage. The first field of enquiry to be explored was that of 
treating the concentrates, and also the copper matte, locally for 
the production of refined metal, and the subsequent fabricalion of 
the metals into commodities of general use. In this connection a 
source of power supply was a first essential and the report on the 
Yunzalin scheme for a water supply for Kangoon, coupled with 
power generation, was awaited with interest. The first report on 
this scheme presaged a pree for power which could not l)e met by 
a refining industry, a figure not exceeding Rs. 50 per kilowatt 
per annum being stated as the maximum that such an undertaking 
could bear. 



312 Pecords of the Geological Survey of Indut. [ VoL, 

The quinquennial period now closed has seen th^ consumma- 
tion of pro’ onged efforts to arrive at some agreement ' among zinc 
producers on a policy aiming at stabilisation of the market. A 
statistical bureau was set up in Brussels in May, 1928, followed by 
an agreement whereby production w'as to be curtailed if Continen- 
tal stocks rose above a certain maximum or the London price for 
the metal fell below a certain minimum. This agreement was 
coupled with an arrangement for the restriction of American exports 
to parallel reduction of output elsewhere, the agreement to remain 
in force until June 30th, 1929. Up to the end of the period 
under review the agreement had had little material effect, though 
it may have had some demonstrative value. 

The striking fact regarding zinc production throughout the world 
during the period 1924-28 has been the rapid and steady growth 
of output, with the result that overproduction has been a feature 
in this industry for some time. World production in 1921, was 
439,648 tons ; in 1924, the total had reached 1,002,538 tons ; in 
1927, the figure had increased to 1,305,371 tons and estimated pro- 
duction for 1928 was given as 1,366,357 tons. India occupied the 
ninth place in the fist of producing countries for zinc ore for 
1926, for which year complete figures are available. 

The value of the market in India for wholly or partly finished 
zinc articles may be judged from the following figures showing the 
imports of zinc during the period under review. In 1924, imports 
were 5,369 tons valued at Rs. 27,39,234 ; by 1928 they had 
risen to 9,376 tons valued at Rs. 36,24,114. These figures do 
not include zinc imported in the form of its compounds, zinc white, 
or in alloys such as brass, under which headings imports must be 
quite considerable. 

Zircon. 

[W. A. K. Christie.] 

Zircon, orthosilicate of zirconium, is a common accessory mineral 
in many granites and gneisses, and as such it is often found ac- 
companying gravels and sands derived from such rocks. It is a 
constant constituent of the beach sands of Travancore. Fine 
crystals are to be obtained from some of the pegmatites of the 
Travancore state. Zircon is found in the nepheline syenites near 
Kangayam, Coimbatore district ; in pegmatites at Kadavur, Trichino- 
poly district and near Domchanch^ Hazaribagh district ; and in 



LXIV.] 


Mineral Prod^uiion of India^ 1924-28. 


313 


the Seitiir graphite mine, Ramnad, Madras Presidency. Large 
clusters of crystals of a dark brown colour have been obtained from 
Abraki Pahar, Gaya district, Bihar and Orissa. A hydrated form 
resembling cyrtolite containing a small percentage of uranium is 
associated with samarskite in the Nellore district, Madras. 

Zircon is recovered from the Travancore beach sands by the 
Travancore Minerals Company, Limited. 


Table 104. — Proditction of Zircon in Travancore in the years 1924 

to 1928. 




Year. 



Tons. 

Value, 

1924 





366 

£ 

2,717 

1925 

. 



. 

670 

4,608 

1926 


. 


. 

532 

2.m 

1927 

. 



. 

1,466 

8,129 

1928 

• 

• 

• 

. 

855 

4,267 


The sands, now chiefly worked for ilmenite, contain about six 
per cent, of zircon, which, together with rutile, is separated by 
gravity concentrators and magnetic separators at the company’s 
works at Manavalakurichi (8"^ 8' ; 77° 18'). Zircon is used for the 
preparation of zirconium oxide, a highly refractory material suitable 
for crucibles and high temperature cements. In 1928, zircon sand 
is said to have been sold in carload lots for 95 $ per ton.^ 

*H. 0, Meyer ; Eng, Min, Jour,, Vc»l. CXXVU, p. 95 (1929). 
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IV.— MINERALS OP GROUP 11, 


Meaning of terms. 


Alum and Aluminous Sulphates. 

[ 0 . S. Fox.] 

If the name alum is restricted to those double salts containing 
alumiUa, as the sesquioxide, with the sulphates of potassium, or 
sodium, or ammonium, and twenty-four mole- 
cules of water of crystallisation, then it can be 
definitely stated that no workable deposits of natural alum have so 
far been discovered in India. Of the other mineral substances, 
which can be grouped under the generic name of alum, there is no 
information to show that such material occurs in India in quan- 
tities which would justify exploitation. The potash alum, kalinite 
[Al203(S03),K2S04,24H20] has been found in small quantities in 
some places. The mineral alunite [ 3 A] 303(803), K2S04,6H20J has 
been noted in association with sulphur in the Sanni mines of Balu- 
cliistan. The natural substances alunogen [Al203(S03), ISHgOJ and 
aluminite [Al208(S03), 9H2O], are not alums, but are largely used 
in some countries for the preparation of alum ; however, so far as 
is known these minerals are not available from extensive domestic 
deposits for this purpose in India. 

Practically all the alum which is produced in India is made by 
the separation of sulphate of alumina from decomposed pyritous 
shales, with the addition of nitre or wood-ashes, 
to provide the hydrated double sulphates of 
alumina and potash, or of alumina and soda. At one time this was 
a relatively important local industry in certain parts of India, but 
the importation of cheap alum and the easy distribution of this 
article from the railw'ays has resulted in the practical extinction of 
the native industry in most localities. Among the more important 
places where alum used to be manufactured may be mentioned 
Phulwaria in the Shahabad district of Bihar ; Mhurr in Kachh 
(Catch) and Maki Nai in Sind in the Bombay Presidency ; Khetri 
and Singhana in Jaipur State in Bajputana ; and Kalabagh and 
Kotki in the Mianwali district of the Punjab. To-day the only 


Manufacture. 
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locality in which alum is prepared on a commercial scale and from 
which returns are available is Kalabagh. A detailed account of 
the methods in use at this locality was given by the late Mr. N. D. 
Daru [Reo, Geol. Siirv, hid,, XXXVIII. p. 32, (1909) ; also XL, pp. 265- 
282, (1910)]. In the Salt Eange near Kalabagh, alum shales are 
found at two distinct horizons in the Eocene (nummulitic) series, 
and again at the base of the underlying Jurassic series. Only one 
of these beds, situated at or near the base of the Eocene, is sufficiently 
rich in sulphur* content to be used for alum making. The thickness 
varies from 7 or 10 feet at Kalabagh to 25 or 40 feet at the Chfchali 
pass near Kotki, a distance of 9 miles. About a mile beyond the 
latter locality the bed appears to die out. The pyiites is disseminated 
through the shales in microscopic particles, and the proportion of 
sulphur varies greatly, from 2 to nearly 13 per cent. Workable shale, 
known as rol, contains an average of 9-5 per cent, of sulphur, and is 
distributed in patches through the bed. Mining is conducted on no 
systematic plan, but the mineral is extracted by means of narrow, 
tortuous passages, rendered unbearably hot by reason of the decom- 
position of the pyrites, and without any provision either for ven- 
tilation or drainage. 

The shale brought from the mines is built up with layers of 
brushwood, and of clay that has been once burnt and exposed to 
the weather for at least a year, into heaps about 18 feet high, and 
roasted, fresh layers being added at one side of the heap, while the 
other is cut out for caching. The burnt clay is added in order to 
absorb as far as possible the sulphurous fumes from the fresh 
shale, but much of the sulphur is lost by volatilisation. 

The process of lixiviation Is somewhat complicated. The roasted 
s:halc is steeped in water for two days in tanks {gadan), lined with 
a mixture of rc-burnt wood-ashes, lime and cowdung, and the liquor 
is run into a settling tank (cliorh), where it remains for 24 hours. 
Ell the meantime another portion of burnt shale has been stficpcd 
for 24’ hours with some of the mother liquor from the crystallisa- 
tion tanks in a smaller tank {toi). The solution from the chorh 
and toi are then boiled together for an hour in large iron pans, and 
run into a final settling tank (nitar), which is filled with tlie re- 
mainder of the mother liquor. After resting for 8 hours, half the 
contents of the nitar are boiled for 3 hours, when a certain pro- 
portion of shora^ a mixture of chlorides, nitrates, and sulphates 

Y 2 
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of soda and of potash, with traces of carbonates, obtained from 
leaching out the efflorescent soil found at various places in the dis- 
trict, is added. Boiling is continued for another 7 hours, when 
the contents of the pan are transferred to a crystallising tank, and 
the pans are filled with the liquor remaining in the nitar. The 
crude crystals are removed after 6 or 6 days, and are purified by 
fusing them for 2 hours in their water of crystallisation. The liquor 
is finally crystallised in large earthenware jars half sunk in the 
ground. 

It is interesting to compare the above description with that 
given for European practice, in Thorpe’s Dictionary of Applied 
Chemistry, Vol. I. (1921), p. 176. Darii pointed out that the use 
of lime in the lixiviating tanks results in a very considerable loss 
of alum, and that this would be avoided by lining them with gyp- 
sum, which is found in abundance at Kalabagh itself. The pro- 
duct of the above manipulations is mainly soda-alum which is used 
at Delhi, Hissar, Sirsa, and other centres of the tanning and dye- 
ing industries. 

Pyritous shale suitable for the manufacture of alum has been 
noted in association with the coal seams of Makum, Lakhxmpur 
district, Assam ; Dandot colliery, Jhelum district, Punjab ; and 
elsewhere in India. In view of the tendency to use aliuninium 
sulphate in place of alum and its manufacture from bauxite it is 
likely that these pyritous shales will not be worked in an extensive 
manner in the near future. 


Tablb 105. — Indian produdtion of Ahm during the years 1919 to 1928. 





Year. 


Quantity. 

Value. 






OwtB. 

Be. 

£ 

1919 






48fi00 

4, 174(a) 

1920 





2,691 

73,200 

^ ■ 

1921 

• 





64,400 

4, 293(e) 

1922 

• 


, . 


6,632 

99,760 


1923 





3,466 

64,472 

4,298(c) 

1924 





927 

18,900 

l,S69{d) 

1025 



, , 


1,060 

22,848 

1.718(e) 

1926 



• • 

• • 

2,647 

60,400 

8.761(/) 

1927 




■ • 

1,419 

23,160 

l,728(ft 

412(J) 

1928 



t 

• 

1 

478 

6,626 

1 


(»)£1-B8. 10. (0)£1»1U. 15. (<O£1-B0. IS‘9. («) il-iU. 13*3. (/) £l 13’4. 
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The annual production of alum during the past five years is 
given ill tlie preceding table. The entire output is from the Mian- 
wali district, Punjab. 


Table 106. — Imports of Alumirums Sulphates and Alum during the 

years 1919 to 1928. 


Year. 

Alum. 

Aluminous Sulphate. 

Quantity. 

Value. 

Quantity. 

Valve. 


Cwts. 

Us. 

Cwts. 

Rs. 

19J9 

51.916 

6,66,010 

64,312 

4,73,040 

1020 

85,661 

10,18,270 

100,361 

7,66,280 

1921 

88,236 

5,38,112 

47,272 

4,43,808 

1022 

73.226 

8,76,198 

67,681 

4,66,371 

102;j , . , ! ! 

68,094 

6,87,034 

66,275 

3,99,327 

Average 

63,406 

7,66,906 

66,178 

6,09,365 

1024 

06,152 

5,65,662 

67,898 

3,86,984 

192/> 

53,803 

3,96,069 

48,425 

1,89,862 

1026 ..... 

62,348 

4,09,6 n 

70,901 

2,80,173 

1027 . . , . ! 

53,438 

3,47,702 


2,77,096 

1028 

62,172 

3,39,094 


2,60,467 

Average 

67,683 

4,11,408 

64,165 

2,77,914 


The above table shows that aluminous sulphates are on an 
average cheaper than alum. This point is of some importance in 
view of the fact that in most of its applications alum can and is 
being replaced by aluminium sulphate. In this connection it is 
interesting to note that fairly large quantities of sulphate of alumina 
are. annually prepared in India by treating bauxite with sulphuric 
acid. Messrs. D. Waldie & Co. of Calcutta state that they use about 
800 tons of raw bauxite aimually in the production of 600 tons 
of alum cake ; 1,000 tons of sulphate of alumina (16 per cent.) ; 
and 800 tons of alum, crystal, at their Konnagar and Cawnpore 
factories. 

The substitution of bauxite for china clay in the manufacture 
of aluminium sulphate is fully discussed in Thorpe’s Dictionary 
of Applied Chemistry, Vol. I (1921), pp. 171-173. It is there stated 
that the product of the china clay, * alum cake which is said to 
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average 12 to 13 per cent, soluble alumina and 0*12 to 0*22 per cent, 
ferric oxide, contains the whole of the silica, iron, and other im- 
purities present in the clay and that 60 per cent, of the alumina 
present in the clay is converted into sulphate. ‘ Bauxite ’ has the 
advantage over china clay in that it is more readily soluble in sul- 
phuric acid, needs no preliminary calcination and contains a larger 
percentage of alumina. It is subject to one drawback in that the 
average percentage of ferric oxide in the least ferruginous bauxites 
is comparatively large, as is seen in the accompanying analyses 



China clay. 

Bauxitk. 

1. Bolgaiim, 
India. 

2. St. 
Austell, 
Cornwall. 

3 Co. Antrim, 
Ireland, 

4. Dept, 
do Var 
Franco. 

5. Chota 
Nagpur, 
India. 

SiOa 

44-00 

46-20 

13-0 

15-8 

l-:i2 

TiO, 


. . 

6-0 

1-20 

0-50 

Al.Oa 

41-30 

41-10 

42-00 

00-50 

00-49 

Fo/)3 

0-50 

0-20 

200 

2-10 

2-01 

If jjO (combined) 

11-90 

12-50 

21-00 

15-20 

2S-70 


The commercial products known as ‘ alumino-ftirric ’ and 
* alferite which are prepared by digesting crude bauxite with sul- 
phuric acid, are used in the preparation of all but the finest papers, 
in the precipitation of sewage and refuse liquids, and in the clari- 
fication and decolorisation of water supplies. The pure alumi- 
nium sulphate is only made from pure alumina, and this substance 
is obtained directly from bauxite by the so-called Bayer process. 


Amber. 

[E. H. Fascob.] 

The production of Burmese amber during the five years 1924 
to 1928 is shown in Table 107. The average annual production 
was 49’0 cwts. valued at Es. 348 per cwt., 
ro uc on. compared with 31-44 cwts. valued at Rs. 352 

per cwt. during the five years 1919 to 1923. The right to collect 
a B-per-cent. ad vaiorem royalty on amber in the Mjdtkyina and 
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Upper Chindwiii districts is farmed out with the jadeite royalties 
(See page 164). 


Table 107. — Production of Amber in the Myithyina district, Upper 

Burma, 



Quantitj\ 

Value. 






Cwta. 

Rs. 

£. 

1924 . 


• 



89-3 

15,301 

l,101(a) 

J02/5 . 


• 



10* 1 

9,410 

710(6) 

1920 . 





39r> 

21,420 

l,i599(c) 

1927 . 





70-0 

27,m 

2.028(c) 

1929 . 


• 



29-5 

12,020 

897(c) 



Average 


490 

17,072 

1,267 


(a)£J -=Us. 13-9. (6) £l=R9. 13-3. (c) £1 =^Hh. 13-4. 


The Burmese diggings for amber are situated in the Hukong 
valley in the Nangotaimaw hills between Mainghkwan and Lalaung 
villages in about latitude 26° 20' and longitude 
cciirrence. substance is found in pita from 

20 to 40 feet deep, in blue clay of probably Miocene age ; these 
pits are dug in a haphazard way and are occasionally joined up 
by underground connections. Fragments of amber have been simi- 
larly found in association with beds of this age in other parts of 
Burma, for example at Mantha in the Shwebo district, and are said 
to have been met with on the oil-field of Yenangyat in the Palcokku 
district. Where definitely known it is usually associated with 
lignite or coal. Most of the material is brought from the Hukong 
valley in Upper Burma to Mandalay, where beads for rosaries, 
nadaungs (ear-cylinders), and other trinkets for personal ornament 
are made from the transparent varieties. 

The amber of Burma difiers in chemical and physical characters 
from previously known varieties and the name burmite has been 
consequently suggested for it as a specific 
Cheinical and physical distinction.^ The well-knowm amber of 


properties. 


eastern Prussia contains from 2} to 6 per cent. 


I O. Holm; Rec. Geol. Surv. Ind., XXV, p. 180 (1892), ami XXVI, p. 01 (1893). 
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of succinic acid and is known to the mineralogist as succinite. The 
Burmese amber is harder and denser, and it is doubtful whether it 
contains any succinic acid, though the products of its dry dis- 
tillation include fomuc acid and pyrogallol ; its ultimate chemical 
composition has been determined to be as follows : — 


Per cent. 

Cwbon 8005 

Hydrogen 

Oxygen 

Sulphur 002 


100 00 


The specific gravity of burmite varies between 1-030 and 1-095. 
It is distinguished from many other amber-like resins by its superior 
hardness and greater toughness, which render it fit for carving 
and turning. It varies in colour from pale yellow to dull brown, 
and possesses a peculiar fluorescence, like that which distinguishes 
the Sicilian variety, simetite. 

Apart from the occurrence of a large percentage of discoloured 
opaque pieces, many of the large fragments obtained are damaged 
by cracks filled with calcite ; otherwise there appears to be a large 
quantity of material which might be put on the market with profit. 


Arsenic. 

[E. H. Pascoe.] 

The chief indigenous source of arsenic is the orpiment mines 
of Chitral, where the mineral is exploited by the Mehtar of that 
country, Mr. 6. H. Tipper, who recently 
earned out a survey of the State, reports 
that the orpiment is in most cases accompanied by realgar and 
fluorspar, and the mines, judging from the size and extent of the 
workings, are of considerable age. The six principal areas with 
their heights above sea-level are (i) Mirgasht Qol (11,000 feet); 
(w) Aligot (13,000 feet) ; {Hi) Londku (11,000 feet) ; {iv) Wizmioh 
(16,000 feet) ; (v) Moghono Zorn (16,000 feet) ; Stack (14,000 feet). 
The last four deposits are on the same line of strike. The arsenio 
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ore occurs close to a band of basic intrusive rock in calcareous shales 
associated with marble. The output of the mines fell oil diunig 
the earlier years of the century and was less than 10 tons in 1905- 
06. No returns are available for recent years, although the industry 
is still carried on. The difficulties in working the present mines 
include the inaccessibility of the area, the inclemency of the wea- 
ther, the unscientific lay-out of the mines and the lack of adequate 
ventilation. Mr. Tipper considers that there are good prospects 
of discovering fresh untouched deposits in Chitral. 

A seam of arsenopyrite 1 foot thick, of which about two-thirds 
consist of ore, is recorded from the northern flank of Sampthar 
^ Hill near Darjeeling. A small outcrop of the 

same mineral is known to occur near Barali 
in the Bhiitna valley, Kashmir. The occurrence of orpiment near 
Munsiari in Kuinaon has long been known,^ small quantities of this 
mineral and of realgar, the other sulphide, being sold in the bazars 
of northern India ; but it was not till 1906, when Drs. G. de P. 
Cotter and J. Coggin Brown found scattered fragments of both 
minerals lying on the moraine material of the Shankalpa glacier, 
that any precise locality was ascertained. The ore was not found 
in situ, but had probably come from the hill-face immediately 
above.2 Large lumps of leucopyrite, and arsenide of iron, have 
been fomid in the pegmatites of the mica-mining field near Gawan 
in the Hazaribagh district,® and other arsenides have been found 
associated with pyritous lodes in various places, but no attempt 
has been made to recover arsenic from these occurrences. 

Details with regard to the production and use of Indian arsenic 
are not available, but there has been a considerable trade in both the 
Indian and foreign commodity, presumably in 
Hxports and imports. form of white arsenic. Table 108 shows 

the extent of this trade for the period 1919-20 to 1923-24. Owing 
to the discontinuation of the old system of registration of trade by 
land and the introduction of a new system of registration from 
the 1st April, 1925, of selected commodities only and at certain 
selected railway stations adjacent to important land frontier routes, 
figures for the imports of arsenic including orpiment — are no longer 
available. 


1 A. W. Lawdor ; liec, Oeol. Surv, Ind,, II, p. 88 (1869). 

* Jhid, XXXVI, p. 129 (1908). 

3 T. U. Holland ; Mtm. Geol. Suro. Ind., XXXIV, p. 61 (1902). 



322 


Records of the Oeologieal Survey of India, 


[VOL, 


Tahlk 108 . — Average annual exports and imports of ■ Arsenic 
{excepting Orpiment) for the years 1919-20 to 1923-24. 



Quantity. 

VcUue. 


Cwts. 

Rs. 

Kjcporia of Indian Arsenic (except Orpiment ) — 



To Uahrein Island ...... 

33 


„ Straits Sottlenicnts 

72 

2,m 

„ othor countries . . . ‘ . 

13 

727 

« Total 

118 

6,044: 

Imports of Foreign Arsenic (except Orpiment)^ 



From United Kingdom ..... 

547 

26,624 

„ CMuna (with Hongkong) .... 

656 

49,239 

„ Straits SettlomontH (ineluding T^huan) 

66 

3,399 

„ other countries ..... 

299 

17,050 

Total 

1,568 

96,012 

Ite-exjmrl of Foreign Arsenic (except Orpiment) 

210 

9,023 


Orpimcnt, the yellow sulphide of arsenic, is largely imported 
into Burma from western China for use mainly as a pigment. Dur- 
^ ing the five years 1919-20 to 1923-24, the 
average annual imports across this frontier 
amounted to 8,864 cwts. valued at Rs. 2,15,464 or Rs. 24*3 per cwt., 
as compared with 3,731 cwts. valued at Rs. 77,505 or Rs. 20-8 per 
cwt. during the five years 1914-15 to 1918-19. 

The minera) is used as a pigment in the manufacture of Indian 
ornamental lac-wares and the Burmese lacquer-work ; in the latter the 
favourite greens of the Pagan workers are produced by mixtures of 
indigo and orpiment, and the so-called gold-lacquer of Prome by 
powdered ori)iment and gum. Orpiment is used also for the designs 
on the Afridi wax-cloths. 

Asbestos. 

[E. H. Pascoe.] 

Attempts to develop asbestos in India have not yet met with 
any marked success on account of the inferior quality of the material 
in the deposits hitherto discovered. In 1910, 3 tons of asbestos 
valued at £6 were extracted in the Bhandara district, Central Pro- 
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vinces, presumably during prospecting operations ; this source was 
recently given a fresh trial, yielding 7 tons in 1917 and 13 tons in 
1918. The five years, 1919-1923, showed very little improvement ; 

9 tons were extracted in 1919, and 14 tons in 1922. The only out- 
put during the five years under review was one of 19*8 tons in 1924, 
valued at Rs. 1,876. In 1913, a small amount of work was carried 
out in the Hassan district, Mysore, where asbestos of fair quality 
is found in veins traversing actinolite schist, and the supply rose 
to 344 tons in 1918 ; this source continued to yield amounts of this 
order, and in 1920 produced as much as 1,711 tons valued at 
Rs. 68,440. No production has been recorded during the period 
1924-28. Small outputs were recorded from the Bangalore dis- 
trict in 1920 and 1921, but none since the latter year. Some de- 
posits in the Cuddapah district, Madras, have been worked during 
the five years under review by the Mysore Development S}midicate 
and yielded an average annual production of 16 tons, worth about 
Rs. 4,720. Two samples of this material from Rajupalem in the 
Kamalapuram taluk were recently forwarded to the Geological 
Survey laboratory and found to belong to the chrysotile variety. 
The better of the two samples compares well with the average 
Indian asbestos. Much of it, however, is less than one- tenth of an inch 
in length, the average being just imder half an inch and the maxi- 
mum less than one inch. It is said to fetch Rs. 200 a ton at the 
pit’s mouth. The poorer quality sample is of shorter fibre still, 
averaging about 0-15 inch ; it is reported as being sold for Rs. 75 
per ton at the pit’s mouth. 

Several occurrences of asbestos were discovered during the j)criod 
1909-1913, of which two appeared to be of some size. One of these, 
near Dev Mori in Idar State, Bombay Presidency ^ contains a con- 
siderable amoimt of amphibole-asbestos in large rod-like masses 
yiel din g long-staple material up to 8 inchcis ; hopes were at first 
entertained of this product but imfortunately it has proved to be 
too brittle. The other occurrence is in the Seraikela State, Singh- 
bhum, the asbestos being of the amphibole variety, obtainable in 
long columnar masses, the more superficial portions Buffering from 
the same defect of brittleness ; it was found, however, that the 
quality improves with depth, as it does in Italy, and hopes have 
been entertained that this may prove to be the case in other 
localities also. The annual production from Seraikela between 1924 

^ C. S. Middlomiaa ; Rec. OeoU ffurv, hid., XLII, pp. 53, 73 (1912). 
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and 1928, inclusive, was 64 tons. Incieasing uses are being found 
for asbestos, as frequent enquiries indicate, so that there is every 
inducement for the exploitation of utilisable 6bre. 


Table 109 . — Production of Asbestoc during the years 1924 to 1928. 



1Q24 

1025 

1 

1026 

1027 

1028 


Quan- 

tity. 

Value. 

Quan- 

tity. 

Value. 

Quan 

tity. 

Value. 

Quan- 

tity. 

Value. 

Quan- 
j tIty. 

Value. 


ToUd. 

lie. 

Tona. 

lit. 

Tona. 

11$. 

Tons. 

lie. 

Tons. 

lie. 

Ajnier-Meruwa . 







6-7 

1,160 



liikar atid Oritm— 





i 






Horalkcla 

92*0 

11,660 


•• 

400 

6,000 

40*0 

6,800 

148*0 

20,400 

Central Provinces - 











lUiaiidura. 

10-8 

1,876 

*• 

•• 

•• 






Aladraa — 











Cuddupali 

13*5 

5,400 

\ 

16 

4,706 

18-4 

6,629 

220 

0,004 

8*6 

1,275 

TOTAL . 

126-8 

18,826 

1 

16 

4,796 

58'4 

10,629 

07*7 

13,564 

156*5 

21,736 

Total value in Sterling . 



D 

£361 
(£1- 
Us. 18*3) 


£786 

{£1^ 

13*4) 


£1,011 
(£1- 
il«. 13*4) 


; £1,022 
\ (CJ 

llK. 13*4) 


Barytes. 

[ A. M. Hebon.] 

Barytes, or heavy spar, is the sulphate of barium, and finds 
its chief use in paint manufacture, owing to its cheapness, friabi- 
lity, inertness and low absorption of oil. Its function is not alto- 
gether as an adulterant of more expensive pigments, for a moderate 
proportion of barytes, increases the stability of white paints, and, 
in the case of certain dense and opaque coloured pigments, it acts 
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as an inert base, difEusmg the colour by its presence and producing 
a brighter and clearer tint. 

The greater part of the world’s output is probably consumed 
in the manufacture of lithopone. This is a mixture of zinc oxide, 
zinc sulphide, and barium sulphate prepared by mixing solutions 
of barium sulphide and zinc sulphate. It has very largely re- 
placed white lead as the basis of oil paints for use in interior decora- 
tion, and is also used in the manufacture of linoleum. Low grades 
of barytes can be utilised for making lithopone. Barytes is also 
used as a filler for paper, india-rubber and asbestos cement,p and 
the other barium compounds, prepared from bar3rtes or from the 
carbonate, witherite, have minor uses in the manufacture of oxygen 
and hydrogen peroxide, as chemical reagents, as glaze for iron and 
pottery, as water softeners, in luminous paint, and in p3rrotechny. 
Although barytes is widely distributed through the Indian Empire, 
it is only from the deposits in Alwar State, Rajputana and near 
Betamcherla in the Kurnool district, Madras, that any real produc- 
tion has been obtained. 

The figures of output are given below, with those for the imports 
of barytes into India : — 


Table 110. — Production of Barytes in India during the years 1924 to 1928. 



1924 

1025 



1020 

1027 

1028 


n 

Value. 


Value. 

Quan- 

tity. 

Value. 

Quan- 

tity. 

Value. 

Quan- 

tity. 

Value. 


Tons. 

Hi. 

Tons. 

Re. 

Tons, 

lit. 

Tons. 

Hi. 

Tons. 

Re. 

Madroi— 











Kurnool 

788 

lUHl 

580 

7,760 

350 

1,400 

851 

5.560 

620 

4,610 

Rttjpvtanth^ 











Alwar State . 

1,520 

20.000 

870 

9.000 

1,081 

7,844 

808 

4,340 

2.470 

16,000 

TOTAL 

2.803 

31.341 

1.460 

17.660 

2,311 

9,244 

1 

1.710 

9.890 

3.090 

19,610 

Total value in tterling 

■ 

£2.263 

■ 

M| 

■ 

£690 

■ 

mi 

■ 



1 

(£1- 
Ba. 180) 

1 


1 

(£1- 
Bb. 18*4) 

1 


1 
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Table 111. — Imports of Barytes into India, 


Year. 

Quantity. 

Value. 


Cwts. 

Rs, 

1923-24 

8,780 

39,(iS'J 

1924-25 

7,078 


1925-20 

21,828 

91,255 

1920-27 

32,328 

,17,807 

1927-28 

33,862 

1,36,988 


Baluchistan, —Las Bela State. Concretions of barytes, with py- 
rites, arc distributed through the Belemnite shales, on the Sarmowli 
river between Chad and Anjira, and near Pabni Chauki (25° 17' ; GG° 
58'), two days’ journey from Karachi.^ 

Bihar and Orissa, — Ranchi district. A series of veins of barytes 
mixed with galena, runs through the villages of Silwai, Bahea and 
Bongibera, about 14 miles E. of Ranchi, in porphyritic granite. 

Singhbhum district. Barytes has been recorded from the village 
of Kolpotha (22° 21' 30" ; 85° 5' 30"), 4 miles N. N. W. of Jaraikcla 
railway station on the Bengal Nagpur railway. 

Burma, — Amherst district. Barytes, with galena and chalco])y- 
rite, has been reported at Ayin lanngy 15 miles south of Mitan, and 
other adjoining places on the Siam frontier. 

Mandalay district. A bed of barytes 6 to 7 thick, was noted 
at Taung-gaung.2 

Northern Shan States. Barytes in largo quantities is found in the 
vicinity of the Bawdwin mines, and is used as a furnace lining by 
tl)e Burma Corporation, Ltd, 

Central India, — Rewah State. In the ‘ Red Shale ’ scries of 
pre-Vindhyan age, veins of barytes from an inch to a foot in thick- 
ness were found by Vredenburg® near the village of Bharra (24° 
23' ; 82° 15'). 

Orchha State,^ According to Mr. M. K. Ray, barytes occurs 
with about equal quantities of quartz in a vein in Bundelkhand 
gneiss, and in the adjoining gneiss itself, by the side of a hill called 
Chakrada, within the limits of the village of Khura (now called 
Surajpura, 24° 43' 30" ; 79° 10' 30"). This is 40 miles from the 
nearest railway station, Man Ranipux (G. I. P. Ry.). The vein 

» G. H. Tipper; Rec, Oetd. Surv, Ind,, XXXVlII, p. 214 (1909). 

* H. H. Hayden ; MS. notes (1890). 

» Jtfem. Geol, Surv. hid,, XXXI, p. 131 (1901). 

^ Bee, Oed. Surv. Jnd., LX, p. 431 (1928). < 
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has been traced for a quarter of a mile and is 8 feet wide at one place. 
The barytes, at surface, is brownish white in colour, but improves 
at a depth of 2 or 3 feet. 

Central Provinces. — Jubbulpore district. Barytes of poor quality 
occurs with lead and copper ores in Bijawar quartzite, about 2 miles 
North of the railway station at Sleemanabad (23*^ 38' 30" ; 80"^ 19'). 

Madras. — ^Anantapur district. Barytes occurs in veins in the 
Vaimpalli slates and limestones, belonging to the Papaghni series 
of tJie Cuddapah system, in the reserved forest near Nerijamupalle 
(14° 32' 30" ; 78° 1'). Four veins have been found, the largest of 
which is from 3 to 11 feet wide and has been followed for more than 
half a mile along its strike. Another outcrop occurs in the Tladitota 
reserved forest, U miles north of the chief Nerijamupalle vein. 
The colour of the barytes is generally white, varying to light green 
and faint pink.^ 

Kiirnool (Karnul) district. Probably the most important baryt(\s 
deposits in India are those at Balapalapalle, 3 miles west of Betam- 
clierla railway station (15° 27' ; 78° 9'), where it has been quarried 
for use in paint manufacture. Other localities in this neighbourhood 
are 6 miles to the cast of Gazulapalle railway station (15° 24' ; 78° 
35') as the matrix in old galena mines, and at Jaladurgam (15° 
17' ; 77° 54') and Chandrai)alle (15° 13' ; 77° 49'), near Dhone 
railway station. 

Ncllore district. Irregular veins of barytes, in mica-schists 
occur in two low liills 3 miles east of the village of Narravada (14° 
54' ; 79° 29'), The barytes is described by Jones- as opaque and 
of a greyish colour, with some of a milky colour on the lower slopes. 
It is often largely mixed with the mica-schist. 

Salem district. Holland^ has described an important occurrence 
of barytes in two low hills about a mile south of the village of 
Alangayam (12° 37' ; 78° 49'), consisting of a network of veins 
composed of quartz and barytes, traversing gneiss. They vary in 
thickness from mere strings to dyke-like masses several feet across, 
and similar veins have been traced for a distance of 7 miles. 
The average proportion of barytes present is 30 8 per cent. 

Rajjmtana. — ^Alwar State. Mr. S. K. Roy, State Geologist of 
Alwar, discovered 4 deposits of barytes in the state, at Bhankliera 

^ Coulson and Dey ; Rejc. Geol. Surv. Ind., LX, p, 431 (1928). 

* Rec. Geol Surv. Ind., XXXVI, p. 233 (1908). 

• Ibid, XXX, pp, 230-242 (1897). 
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(27® 32'; 76® 38'), 3 mil^s S. W. of Alwar city, at ‘ Ram&inglipnr 
(27® 10' ; 76® 52') 10 miles S. W. of Kajgarh railway station, at 

Jamraoli (27® 9' ; 76° 4d'), 10 miles S. E. of Rajgarh railway 

station and at Sainpiiri (27® 46' ; 76® 43'), 4 miles N. N. E. of 

Pariaal railway station. The last mentioned is the most important, 

being pure white in colour, and forms a definite vein which has been 
traced for 110 feet and is about 15 feet thick. All are in the Alwar 
quartzites of the Delhi system. 

Bauxite. 

[C. S. Fox.] 

The definite existence in India of workable occurrences of 
bauxite, now regarded as a highly aluminous type of laterite, 
was proved about the year 1905. Since 1910, 
fo uc on. there has been a small but increasing produc- 
tion of bauxite from the more favourably located Indian occur- 
rences. The output during the period 1919-1928, is shown in the 
accompanying tables. 


Tablts 112.— Producimw of Bauxite during the years 1919 to 1928. 


Year, 

Quantity. 

Value. 

1919 

Tons. 

1,682 

Us. 

i9,,m 

£ 

l,682(n) 

1920 


53.308 

6,331 (?^) 

1921 


49.201 

3,280 (r) 

1922 

4,919 

15M8 

♦1,063 (c) 

1923 

6,547 

56/233 

3,682 {«) 

Awrage 

6,220 

38.607 

3,008 

1924 

23,228 

1M*075 

13,531 (d) 

1926 

10,070 

84M5 

8,320 (e) 

1020 


36.768 

2,744 {/) 

1927 


28.240 

2,107 (/) 

1928 

14,667 

94.253 

7,034 (/) 

Awmge 

11,446 


6,347 


* Excludes the yaluefof 032 tons. 

(а) £1=R8. 11‘6. 

(б) £1-R8. 10. 

(c) £l=::Re. 15.1 

(d) £1=-E8. 13-9. 

(s) £l=Ra. 13-3. 
if) £1«R«. 13-4, 
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The world’s output of bauxite has increased from an average 
of 500,000 tons in the quinquennial 1919-1923, to upwards of 1,200,000 
tons in last five years, 1924-1928. The chief producers are Fran^^e 
(500,000 tons in 1927), the United States (average of 350,000 tons in the 
years 1924-1928), Hungary (said to be 240,000 tons in 1927), British 
Guiana (roughly 100,000 tons annually), Dutch Guiana (fron^ 50,000 
tons in 1924, to nearly 150,000 tons in 1927), Yugo Slavia (roughly 
120,000 tons in 1927) and Italy (80,000 tons in 1927). A decade 
ago France and the United States produced over 70 per cent, of 
the bauxite of the world’s output. To-day tliese two countries 
barely produce 50 per cent. The greatest development has t5ken 
place in the Guianas — in 1917 the British colony first exported a 
small quantity — ^to-day the exports are almost equal to the produc- 
tion of the United States. Previous to 1919, the output from 
Dalmatia and Istria were given under Austria and the quantities 
were relatively insignificant. Since 1920, the output from Dalmatia 
has been included in that of Yugo Slavia, and the production from 
Istria is now part of the output of Italy. Compared with these 
gi'eat producers the Indian output is almost negligible in sjiite of 
the fact that the Indian bauxite occurrences are probably as rich 
in quality and abundant in quantity as any other known occurrences. 

The domestic development of bauxite has so far been discourag- 
ing. It appears impossible at present to ship In/J.ian bauxite to 

^ Europe at remunerative pri<'-es. Furthermore 

ProsDccts ^ • 

there is invariably some hitch in the nego- 
tiations, with regard to the samples and analyses which are shown, 
when the vendor is asked to guarantee, under penalty, that the 
shipments will be up to sample. Experience has shown iliat the 
vendors do not study the needs of the consumers and consequently 
do not realise the importance of strict attention to quality. Efforts 
have been made to float companies for the reduction of aluminium 
in India without due appreciation of the situation. It is insuffi- 
ciently realized that in most cases in India electric power can only 
be obtained by the construction of elaborate and very expensive 
storage dams, that all the cryolite must be imported, and that the 
purification of the bauxite to alumina and the preparation of the 
high-grade carbon electrodes involves the working of specialit-ed 
procOBses on a big scale. The aluminium production of the world 
is in the hands of only five great groups of producers, the output 
capacity of whose works is larger than the present demands 
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which they supply. These monopolistic firms have assured 
sources of supply as regards their raw materials, bauxite and 
cryolite. There are probably no cheaper sites for hydro-electric 
power than those they use. In addition to purifying their 
bauxite in alumina works owned by themselves, they possess 
factories for the manufacture of carbon electrodes, foundries for 
making alloys and castings, rolling mills for the output of sheets, 
circles, wire, etc. Finally they have excellent shipping facilities 
aiid their markets are not only established but cultivated. In the 
present state of the aluminium market such powerful organisations 
could not allow a new company of any pretentions to come into 
being. Such a venture might be successful if backed by over- 
whelming advantages, e.g,^ cheap electric power, good quality bauxite 
in favourably located occurrences, assured supplies of cryolite, and 
a highly skilled stall for operating the alumina plant and making 
carbon electrodes. But if the Indian demand for aluminium 
be considered insiifficient to justify this outlay and the Indian 
producer be unable to face competition, the general question of 
developing the bauxite resources of India, apart from the establish- 
ment of an aluminium industry, is one well worthy of attention. 
However, it is necessary that the requirements of the markets be 
studied and understood by the vendors of bauxite. 

At the present time the world’s production of bauxite, roughly 
1,500,000 tons, is used in the following approximate proportions 
in several industries ; — 

Per cent. 


For ahiminium after conversion to ahunina .... 70 

For the manufacture of chemicals ir> 

In the production of abrasives ...... 8 

For the propart tion of refracborh's, for bauxite cement, for the 
puritication ol kerosene, and for other purposes excluding 
building stone ......... 7 


If the world’s output of bauxite be taken roughly as 1,500,000 
tons annually, it is evident that the quantities absorbed in the 
minoi manufacturing industries are attractively large. 

The accompanying Table gives the results of the cliemical 
analyses of the bauxites of France, the United States, British 
Quiana, Italy, India and the Gold Coast. Detailed particulars of 
the bauxite occurrences of the world are given in ‘ Bauxite ’ by 
Cyril S. Fox (1927) and in ‘ The Industrial Uses of Bauxite ’ 
N, V. S, Knibba (1928)^diBcusst'8 the world’s consumption of bauxite, 
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The two main classes of ore are (1) the Mediterranean {Tena 
Ros.^a) type and (2) the Tertiary {Lateiitic) type. Under the former 

^ class are included the bauxites of Spain, Franco, 

ta on. Italy, Yiigo-Slavia and Rumania — types which 
seldom contain more than 14 per cent, of combined water and 
indicate a certain degree of dehydration. The latter class includes 
most of the bauxites of America. Africa, India and Australia ; these 
deposits appear to be of a geologically younger type and average 
a combined water content of from 22 to 30 per cent, with a 
somewhat lower alumina content (54 per cent.) than the Medi- 
terranean type. 

For commercial purposes it is convenient to classify bauxites 
into the following varieties : — 

{a) Normal bauxite. Fair quality with 55 to 60 per cent- 
alumina, and high-grade ore with over 60 per cent, of 
alumina. Total impurities not to exceed 20 per cent., 
excluding the combined water content. The chief im- 
purities, ferric oxide, silica and titania, each not to 
exceed 6 per cent. 

{h) White or siliceous bauxite. To have upwards of 55 per 
cent, alumina and not more than 20 per cent, impurities 
excluding the combined water. Silica from over 5 
to about 20 per cent. Ferric oxide less than 5 per 
cent. Titania up to 6 per cent. This class of ore 
is most frequently used for chemical purposes or 
the preparation of alum and other aluminium salts. 

(c) Titaniferous bauxite. The alumina to average 65 per cent. 

and the total impurities excluding combined water not 
to exceed 25 per cent. Titania above 7 per cent. • 
Silica less than 6 per cent. Ferric oxide not to exceed 
10 per cent. These bauxites are rare except in India 
but have a great future before them owing to the valu- 
able nature of the titaniferous slime which can be obtained 
as a by-product when the ore is purified by the Bayer 
process. 

(d) Red or ferrug^inous bauxite. Alumina content to be up- 

ward of 52 per cent. Total impurities not to exceed 
26 per cent. Ferric oxide between 10 and 25 per cent. 
Silica to be less than 6 per cent, Titania normally 

25 2 
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less than 5 per cent. This variety of bauxfte is most 
commonly used by aluminium reduction companies.^ 

Ill France the bauxite occurs interbedded with beds of Upper 

Cretaceous age. The outcrops can frequently be quarried by means 

^ j , of opon pits but when the bauxite zone dips 

Quairyhig and mining. . • j xi, x • i i x 

away to appreciable depths the material has to 

be mined in the same way as coal or other bedded deposits. Much 
of the bauxite in the Department de Var (France) is mined like 
gently inclined coal seams. Occasionally the bauxite bed is steeply 
inclined and necessitates the procedure in vogue in metal mines ; 
a good deal is quarried in a normal manner. The bauxite of 
County Antrim (Ireland) is worked in the same way as the French 
ore. In Ireland the bauxite occurs as an aluminous laterite inter- 
bedded with the basaltic lavas of Ulster. The bauxite of Italy, 
Dalmatia and the Balkan area in general has been won by simple 
quarrying by hand. 

In the United States of America the Arkansas bauxite, consisting 
of a gently inclined ore bed about 11 feet thick, which is overlain 
by loose sandy clay, is quarried. In Georgia, Alabama and Ten- 
nessee the ore occurs in irregular pockets which involve working by 
open pits ; some ores require the use of explosives. 

In British Guiana the bauxite at present being worked is ex- 
posed on the surface of the ground and merely requires digging out. 
The same is true for the bauxite occurrences of West Africa and 
India. In the latter coimtry the greater number of bauxite deposits 
occur as segregations in the laterite which caps flat-topped hills 
and plateaux. These occurrences can be worked and kept free of 
water with little difficulty. There are localities in India, as 
in other countries, where bauxite occurs imder loose material 
in low ground or interbedded with more massive strata. The 
removal of overburden or the de-watering of workings naturally 
increases the cost of the raw material but these factors may be off- 
set by the favourable location of the deposit with regard to a rail- 
way or waterway. 

It has previously been shown that raw bauxite contains from 
10 to over 80 per cent, of combined water. As most bauxites re- 
Cakinafion quire transportation over considerable distances 

to the place where it is utilised, it has become 
customary, particularly in the United States, for large producing 

^ !2%a Mining Journal for Deo. 30, 1922, p. 086. 
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companies to get rid of some, or all, of the combined water by 
drying first. In Arkansas the ore from the mine is crushed or 
disintegrated and eventually roasted in rotary kibis. These kilns 
were once fired mostly by producer gas, but they have been con- 
verted to burn pulverised coal exclusively. The temperature used 
is probably about 1,100° F. (roughly 600° C.) and the mechanically 
held moisture is reduced t > roughly 1 per cent.^ A very similar 
procedure is employed in dealing with the bauxite of British Guiana. 

The process at present commonly employed, both in Europe 
and America, for the manufacture of alumina from bauxite is known 
as the Bayer process. (See Aluminium, by, G. 
.nlnaand“«^“minl!.ral“‘ Mortituer, 1919, pp. 22-23). The wl>ole plant is 
elaborate and expensive. There arc, as may be 
imagined, many precautions to be observed to prevent waste, and great 
experience is necessary for the successful working of the plant. Very 
little of the caustic soda used is lost if the bauxite is properly corrected, 
and the ferric oxide sludge obtained in the first set of filters could 
be used as an iron ore or as paint material. 

Almost all the aluminium of commerce is ])roduced in some simple 
form of electric furnace such as the Hall Jleroult, using 8,000 to 20,000 
amperes at a low voltage (5 to 8 volts). Tn practice there are many 
pit-falls, and great care is necessary in the control and manage- 
ment of the plant. (See Aluminium, by G. Mortimer, 1919, pp. 
29-40). The consumption of the carbon electrodes constitutes a large 
part of the expenditure, as they are made of the purest carbon 
(l)etroleum coke with tar for a binding material). The enormous current 
used necessitates cheap electrical power as a sine qua non, and a large 
scale production is almost certainly more economical than a small 
output. The manufacture of cheap electrodes of good quality 
requires consideration, as the impurities in the electrode, silica 
ferric oxide, etc., go into the metal and cannot be subsequently 
removed. Most of the cryolite used comes from mines in Greenland, 
but an artificial cryolite is now available. The market price for 
cryolite in the United Kingdom is £56 per ton, and this material 
would have to be imported into India. 

Under the article dealing with Alum and Aluminous Sulphates 
mention was made of the use of bauxite for the preparation of 
* aluminoferric ' and ‘ alferite «.6., crude alu- 
Forc eitica purposes, sulphate. Attention was drawn to the 

^ Kitgifteering and Mining Journal Press, Nov. 4, 1922, p. 807, 
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fact that pure ajuminium sulphate was only made from pure alu- 
minium hydroxide. These two pure substances, aluminium sulphate 
and hydroxide, are used as the basis of manufacture in preparing 
other aluminium salts, c.gr., aluminium chloride. Aluminium hydro- 
xide possesses a powerful affinity for many organic substances, and 
enters into association with a large number of colouring matters, 
precipitating them completely as lakes. On this property depends 
the use of alum mordants. They j)recipitate the hydroxide upon 
the fibre of the goods to be dyed and this constitutes the fixing 
agent, or mordunty wliich retains the colour. Aluminium chloride 
(a/ihydrous) possesses great technical advantages in petroleum re- 
fining. It is largely used in the United States of America to convert 
all unsaturated into saturated compounds, thus converting unstable 
gasoline and lubricating oils (of asphaltic base) into excellent stable 
products ot good colour and odour practically equal to paraffin- 
base products. It is expensive, however, and this factor prevents 
its use in oil purification on a very large scale. 

It has been known for many years that fuller’s earth is capable 
of exercising a selective action on petroleum by retaining the un- 
saturated hydro-carbon and sulphur compounds 
the oil. This remarkable pro- 
perty was utilised in oil refineries in the United 
States and other countries and the theoretical aspects of the pheno- 
menon have been ably discussed in numerous papers. (See Proc, 
Amer, Phil. Soc., 36, No. 154, 1897 ; Bulletin 315, JJ. S. Geol. Surv, 
1907 ; Richardson and Wallace in Journ. Soc. Chem. Ind. for March 
1912 ; and numerous other papers.) investigation has shown that 
colloids such as alumina, bauxite, fuller’s earth, etc., when freshly 
ignited (about 500° C.), acquire the cmlous property of actively 
attaching to themselves (on their surfaces) by absorption, other 
colloids and certain reactive substances. Colouring matter and 
sulphur compounds in particular are readily absorbed when kerosene 
is filtered through freshly treated bauxite. 

This decolorisation and de-sulphurisation of mineral oil by fuller’s 
earth, bauxite, etc., is said to be produced by physico-chemical action 
relating to surface tension. No reagent is necessary and no chemical 
interaction results although a slight rise of temperature has been 
noticed. Kerosene when filtered ^ough graded bauxite of from 30 to 
60 mesh, becomes water clear and, for practical purposes, free from 
sulphur. In process of time the bauxite in a filter becomes less active 
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but it can be rendered effective again by ro-lieating. Thus it appears 
that except for handling for re-heating and sieving there would be 
no loss of the bauxite, which can be used over and over again. 
Bauxite filters are now being installed in all modern oil refineries 
for the purification of kerosene. According to A. E. Dunstan 
{The Petroleum Industry^ 1922, p. 182), Messrs. The Hall Motor Fuel 
Company have in recent years carried out this process in a slightly 
different way. By passing the vapour of petroleum over heated 
bauxite * cracked ’ spirit, a most difficult substance to refine, is 
capable of simple and easy refining without any chemical treatment 
at all, and with the minimum of loss. * 

Considerable attention has been attracted to the fact that all 
kinds of bauxites are not equally efficient in the j)urification of 

kerosene. Also, m\i<ih experimental work is in progress to discover 

why the most efficient kind of bauxite for kerosene purification is 
not equally effective in de-sulphurising petrol, and the reason for 
its failure when used for the purification of lubricating oil. Very 
little information is available regarding the results obtained in the 
recent investigations regarding the use of bauxite for the de-sul- 
phurisation, etc., of all the petroleum (Ustillates from light spirit 
to the stiff wax. The subject of the use of bauxite for petroleum 
purification has been carefully investigated by the research depart- 
ment of the Anglo-Persian Oil Company, and as a result two useful 
papers, ‘ Bauxite as a refining Agent for Petroleum Distillation " 
by A. E. Dunstan and others and ‘ Technical Use of Bauxite in 

connection with Petroleum Refining ’ by A. M. O’Brien, have been 

published (See Jour. Soc. Chem. Indua^y Vol. 43, No. 24, 1924, pp. 
179T-189T). Until a bauxite is actually tested it appears dilficult 
to say how efficient it may prove for the purification of kerosene. 
The chemical analysis gives practically no clue to its value for 
this purpose. So far, the Indian type of bauxite (with high com- 
bined water) appears to have proved most suitable and it is thought 
that this is due to the micro-cellular structure which must result 
when this bauxite is ignited preparatory to its use in the kerosene 
filter. 

The demand for bauxite for oil purification becomes larger year 
by year and would be very considerable if bauxite was, by suitable 
thermal treatment, made capable of purifying all petroleum dis- 
tillates as efficiently as it treats kerosene. The waste, chiefl.y as 
dust, in crashing, heating, sieving, re heating, etc., although not 
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Bauxite cements. 


large at first, steadily accunmlates so that perhaps some, economy 
could be effected by collecting the dust and marketing it as ‘ bau- 
xite dross.’ 

Bauxite has also been found suitable for the decolorisatioa of 
sugar and other hydro-carbon solutions so that a large field for 

. research is open, the successful exploitation of 

Decolorlsation of sugar, j u 

which would create a further demand for bau- 
xite. Colloidal alumina is thought to be more effective than either 
bauxite or fuller’s earth for the desulphurisation and decolorisation 
of mineral oils, etc., so that it is possible that economy might be 
effected by preparing cheap pure colloidal alumina from bauxite. 

It has been known for several years that Portland cement deterio- 
rates rapidly when exposed to waters containing sulphates. The 
failure is said to be due to the formation of 
siilpho-aluminate of lime. This substance 
combines with water and undergoes crystallisation with a laige 
increase in volume. Experiments by the United States Bureau 
of Standards and by other investigators, particularly M. Bied in 
France, led to the preparation of high-alumina cements. These 
cements are essentially calcium aluminates low in silica. They 

have been manufactured by fusing together bauxite, coke and 
limestone, with occasionally slag or schist of suitable composition, 
in a small blast (cupola) or electric furnace. The fused product 

is poured, cooled and groimd to make the finished product (see 
‘ Engineering ’ for August 11th, 1922, page 180). The prepared 
product has an approximate composition of 40 per cent, alumina, 
35 to 50 per cent, lime, 8 to 12 per cent, silica and from 2 to 14 
per cent, ferric oxide. No special quahty of bauxite appears to 
be necessary, though the resulting cements are not equally efficient. 
The manufactured high-alumina cements are sold as ‘ fused cements’, 
‘ Lafarge . cement ’, ‘ cirmni clectrigue ’, ‘ dment fondu ’, etc. 

‘ Ciment fondu ’ is being manufactured by the ‘ Society Anonyme 
des Chaux et Cim»3nts de Lefarge et du Tiel,’ who have works at 
Tiel and Montiers (Savoie). ‘ Ciment (ledrique ’ is reported to 
be available from the ‘ Bureau d’Organization Economique ’ and 
it is manufactured by the * Soci4t4 des Produits Chimiques d’Alais, 
Forges et Camargue,’ at their Argentiere works. 

A considerable amount of attention was given to these cements 
during the Great War. High-alumina cements, because of their 
quick'-setting properties and the feet development of their full 
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strength were used in the construction of heavy gun emplacements, 

‘ pilhboxes etc. However, for various reasons now known, these 
high-alumina cements did not fulfill the results then expected of 
them ; they set too quickly and were rapidly affected to their 
disadvantage if contaminated with lime or Portland cement before 
or during use. Since the war they have l)een used, with ccrtiiin 
precautions, and have proved of great value in difficult cases. 
Some of these uses have been^for concrete piles, masonry exposed 
to sea-water, tunnels through strata contaminated with sulphates, 
in caissons, etc. The advantages this material possesses over 
Portland cement are its immunity from deterioration when exposed 
to sea-water or to waters or soils containing sulphate salts, and 
its rapidity of setting and attaining full strength. It is stated 
that ill typical tests the tensile and compressive strengths obtained 
by high-alumina cements in a few hours were greater tlian those 
of Portland cement after several weeks. The followijig figures 
(quoted from 'Engineering' of August 11th, 1922. page 180) are 
of interest : ‘ Cimeni fondu \ tensile strength 59 kilograms after 

48 hours and 71 kilogiams after 28 clays as against 55 kilograms 
in 28 days for Portland cement. The compression results were 
087 kilograms per square centimetre in 48 hours and 959 kilograms 
in 28 days for ‘ dment fondu ' as against 612 kilograms in 28 
days for Portland cement. 

The value of these physical properties will be at once evident to 
the civil engineer, and, although the present cost of the material 
is nearly double that of Portland cement, it must appeal to him as 
being the mast suitable substance in every way for ])artioular pur- 
poses. The high cost is largely due to the expense involved in 
fusing the raw materials. It is claimed that careful calcination is 
sufficient, but so far the best results have been obtained by fusing the 
rc.w material. The commercial preparation of this type of cement 
is still in its infancy and much is expected from the investigation 
now in progress. (See ‘Industrial Uses of Bauxite’ by N. V. S. 


Knibbfl, 1928.) 

A substance which possesses the hardness of natural crystalline 
corundum could easily be marketed if it were possible to produce it 


Bauxite for abrasive 
purposes. 


cheaply and utilise it for the manufacture of 
grinding wheels, rubbing bricks, hone stones, 
polishing powders, etc. The best grades of 


natural pure conmdum average from 95 to 99 per cent, alumina 




with small percentages of silica and ferric oxide as impurities. 
A lower grade of corundTim consisting of a finely intergrown mixture 
of corundum and magnetite crystals is the substance known as 
natural emery. Large occurrences of corundum and emery are 
not common and in consequence of the increasing demand for such 
material for abrasive purposes an important industry for the manii^ 
facture of artificial corundum and emery has developed. In the 
majority of these new works the raw material used is calcined 
bauxite. This ore is fused in an electric furnace of the arc tjrpe 
and the melt allowed to cool sufficiently slowly to become crystalline 
when solid. The solid ‘ pig ’ is then removed from the furnace, 
broken up and crushed, mixed with a suitable binder and made 
into the various types of grinders’ tools, wheels, bricks, etc., re- 
quired and these raw manufactured articles are burnt or baked 
in a kiln before being ready for the market. 

There are several artificially prepared t 3 rpes of conmdum and 
emery goods now available which have been made from bauxite in 
the general manner described above. It is obvious that the quality 
of the abrasive will depend on the quality of the bauxite used in 
its preparation. High-grade bauxite with little or no silica and no 
ferric oxide would give very high-grade conmdum, whereas a ferrugi- 
nous bauxite would invariably produce emery. On the market 
these artificially prepared corundum and emery goods bear the 
trade name of the manufacturers : thus ‘ aloxite which contains 
upwards of 94 per cent, alumina, is made by the Carborundum 
Company, who have works at Niagara Falls and, to be near the 
French bauxite, at Sarancolin in the Hautes Pyxfinfies ; ‘ alundum ’ 
is a very similar material and is prepared by the Norton Company of 
Chippawa in Canada and sold by them in two grades, ‘ white ’ 
and ‘ ordinary’ ; * boro-carbone’, is practically only another quality 
of aloxite and is also manufactured by the Carborundum Company 
in France and at the Niagara Falls but its sale is controlled by the 
Abrasive Company of Philadelphia, Peimsylvania.^ 

Owing to the large percentages of combined water in most 
bauxites it is necessary to calcine thoroughly the raw material 


Bauxite refractories. 


before moulding it into bricks and other articles. 
A binding material such as fireclay is normally 


used in the manufacture of bauxite refractory goods. The finished 


ware, although capable of withstanding temperatures up to 1,800° C., 


i F. B. Jaoobg; * Abrasives and Abrasive Wheels.’ 1919, pages 59— 02. 
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have the objectionable properties of cracking with changes of tem- 
perature and shrinking as long as they are exposed to high tempera- 
tures. The bauxite linings of furnaces become very hard after 
heating and are consequently of value in rotary cement kilns where 
the lining is subject to considerable attrition by the gravitating charge. 
The quality of the bauxite used in the manufacture of various kinds 
of goods very greatly affects the melting point and slag-resisting 
power of the article. Ferruginous bauxites melt at about 1,600° C., 
or less. Siliceous bauxites are liable to rapid corrosion by basic 
slags. A bauxite high in alumina with very low percentages of 
ferric oxide or silica makes an exceedingly valuable basic refractory. 

If sufficiently calcined it becomes as hard as emery and is not sub- 
ject to serious expansion when exposed to high temperatures. 
However, the high temperature of calcination makes this bauxite 
refractory somewhat expensive for general purj)oses. 

High alumina refractories* are arbitrarily distinguished from 
other refractories containing alumina, by an alumina content of 
at least 58 per cent. Such refractories are ordinarily made from 
bauxite or bauxite and high-alumina clays (bauxitic clays, diaspore 
clays and similar material). Ordinary bauxite bricks are made by 
mixing calcined bauxite or high-alumina clay with a bonding material 
such as fireclay, sodium silicate, or lime, shaping by hand or by 
brick machines, and burning in various types of brick kihis at a high 
temperature. Another class of bauxite refractories is made by 
fusing bauxite in an electric furnace and casting the molten material 
in moulds. The demand for this type of refractories is increasing 
owing to the ever-growing need of better refractories. Pure 
bauxite melts at about 1,820° C. and pure alumina at about 
2,050° C., but the lower grades of bauxite brick melt at 1,740° 
or less. The value of bauxite refractories depends upon their 
chemical inertness at high temperatures. In basic open-hearth steel 
practice bauxite brick should contain over 12 per cent, silica. 

Recently high alumina refractories have been made more com- 
monly from diaspore and high-alumina clays than from bauxite. 

For many years the principal use of bauxite has been for the 
preparation of alumina and the subsequent reduction of this sub- 
stance to aluminium. In a subsidiary way 
and bauxite of a oertain quality has been utilised 

in the chemical industry, and some bauxite 

' Eng, and Min, Jowf, Presn, Vol, IH. No, 19, Nov. 4th, 1922, p. 809. 
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has been absorbed in the production of alundum and other substances. 
The chief users have usually possessed or leased bauxite properties 
so that there has been little or no buying and selling of bauxite in 
the open market. During the last decade, however, a considerable 
degree of attention has been devoted to the development of bauxite 
properties which are not under the control of monopolistic consumers. 
This has been brought about by the increasing demand for bauxite. 
It is the result not only of the expansion of the aluminium industry 
but of the use of bauxite for the purification of petroleum and 
other oils ; a new field has opened with the successful manufacture 
of so-called bauxite (high-alumina) cements. (See ‘ The Mining 
Journal* of 30th December, 1922.) 

Aluminium reduction companies will seldom accept bauxite with 
more than 6 per cent, silica although they have been known to take 
delivery of ore with as much as 20 per cent, ferric oxide. Chemical 
wrks do not refuse bauxite containing 10 per cent, of silica if the 
a min a content is high and the ferric oxide percentage is below 
3 per cent. They seldom accej)t ore with more than 5 per cent, ferric 
oxide. Manufacturers of abrasives while demanding the best grades 
of normal bauxite often utilise ore with less than 50 per cent, alumina 
and more than 10 per cent, silica or 15 per cent, ferric oxide. Makers 
of furnace refractories stipulate that the ferric oxide content must be 
low but may accept bauxite with as much as 25 per cent, silica. 
In some cases they prefer to use a material so rich in silica that it 
can scarcely be called a bauxite. Investigators in oil refineries do not 
yet know, with any exactness, the type of bauxite most suited to 
their use. Certain normal Indian ores have been found to de-sulphurise 
and decolorise petroleum very effectively but have not been equally 
efficient with petrol or heavy oils. The purification of petroleum and 
other oils is evidently effected by the colloidal properties of the bauxite 
rather than by chemical action ;. in consequence of this it is at present 
impossible to judge the value of a bauxite ^or this purpose on its 
chemical composition alone.j^ Experiments in the production of high- 
alumina cements (‘ ciment fondu \ etc.), although showing the 
commercial importance of the finished product have not yet 
proved that one type of ore is more particularly desirable than 
another provided the alumina content is high. 

All consumers would probably be willing to accept somewhat 
inferior qualities of ore at advantageous prices if the composition 
of the material could be guaranteed within certain agreed narrow 
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limits. It is the practice of most consumers partially to calcine 
the raw bauxite before finally grinding it to dust or slime. This 
calcination, usually performed at a temperature not exceeding 400® 
C., drives off a considerable amoimt of the combined water, and gets 
rid of any organic matter which may be present. It also converts 
ferrous oxide into the more manageable ferric oxide. The alumina 
content is naturally increased by this calcination, but it is not to 
be forgotten that the percentage of the impurities is also raised. 
Raw bauxite is notoriously variable in composition, and in large 
occurrences it is advisable to sample and analyse the deposit* very 
thoroughly. It is possible, by mixing known qualities of bauxite 
from various parts of a single large deposit, or from more than one 
deposit, to maintain shipments of uniform quality. In this way, 
if due attention were paid to the sampling and chemical analysis of 
bauxite, it is probable that considerable quantities of low grade ore 
could be mixed with particularly rich material. 

Memoirs Geological Survey of India, Yol. XLIX, part I, (1023), 
gives details of the several Indian occurrences of bauxite. The 
localities in which efforts have been made to work 
of blfuxite. bauxite in India are Katni in the Jubbulpore 

district of the Central Provinces, Belgaum in 
the Belgaum district and Kapadvanj near Khaira in Gujerat of the 
Bombay Presidency. Among other areas which have been carefully 
examined and in which good bauxite is known to occur may be 
mentioned the following : — Chakar in Jammu, Kashmir ; Eupjar in 
Balaghat, Central Provinces ; Radhanagri in Kolhapur State, 
Bombay Presidency ; South Rewah ; and Pakripat in the Ranchi 
district of Bihar and Orissa. 

At the present time active mining, but on a small scale, is in 
progress only at Katni and Kapadvanj. In the former case the 
bauxite is chiefly used in the manufacture of aluminous sulphates 
in India, whereas the bauxite of Kapadvanj appears to be entirely 
absorbed for the purification of kerosene. 

A* general summary of the Indian occurrences of bauxite and its 
mode of origin by the writer was published in The Mining 
Magazine of February, 1922. A similar statement with regard to 
the aluminium industry as a whole appeared in The Mining 
Journal issues of the 28th October, and 4th November, 1922. See 
also ‘ Bauxite ’ by Cyril S. Fox, 1927, and ‘ The Industrial Uses 
of Bauxite ’ by N, Y. S, Kpibbs, 1928, 
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Bismuth. 

[ E. H. Pascok.] 

The only part of the Indian Empire where bismuth ores have 
been extracted-^ and then only on a very small commercial scale-- is 
the Tenassenm division of Lower Buima. Native bismuth and 
the sulphide, bismuthinitc, occur in the wolfram and cassiterite- 
bearing veins of certain localities in the Tavoy district, and also 
in the adjoining districts of Mergui and Amlierst. 

Djc. Coggin Brown states^: ‘ the quantity of the bismuth minerals 
found in the veins is in itself too insignificant to permit of their 
profitable extraction on this account alone, and the insignificant 
amount of bismuth which has been exported from Burma up to the 
present time has been recovered us a by-product in the sluicing 
of eluvial deposits for wolfram and tin-stone. As the veins are 
broken down under the general action of denudation they shed 
their metallic contents into the surface soil. Dept^sits formed in 
this manner on the hill sides are often profitable to work on account 
of their metallic contents. 'I’he bismuth minerals are either hand- 
picked out of the clean concentrates after sluicing operations, or 
recovered chemically from the tin ore after magnetic separation. 
The chemical process is not carried out in India, but is known to 
have been performed on certain Tavoyan tin oies after their arrival 
in the United Kingdom. Eor this reason the total amount of the 
small quantity of bismuth ore produced in re(‘ent years in Burma 
is not known, and the only recorded figures aie 6 cwt. of ore valued at 
£163, shipped separately as such. The future output of bismuth 
ores from India depends entirely on their separation as by-products 
in the wolfram and tin-ore mining industry of Lower Burma. No 
deposits have as yet been discovered rich enough to exploit for their 
bismuth contents alone ; on the other hand it is certain that small 
amounts of bismuth minerals are wasted because of the prevalent 
ignorance of their properties and value. But even when this is 
allowed for, it must be admitted that the quantities probably obtain- 
able from known deposits in the Tavoy and Mergui districts are 
comparatively insignififant.' 

The production in the Tavoy district amounted to 80 lbs. valued 
at Rs. 240 in 1924, 48 lbs. valued at Rs. 128 in 1927, and 82 lbs. 
valued at Rs. 267 in 1928. 

^ Bull. Ind. Industries and Labour^ No. 0, pp. 23> 24, 29. 
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Borax. 

[ E. H. Pascoe.] 

No undoubted occu^^e^ce of borax is known within Biitish 
Indian territory, and the material exported, which during the last 
five years has averaged annually 2,107 cwts., of a value of 
Rs. 52,320 (Table 114), is practically all obtained from Tibet and 
Ladakh, being imported across the frontier into the Punjab and 
United Provinces ; the quantity from Ladakh is very small, the 
reported total for the whole five years not exceeding 40 cwts. The 
word tincaly by which it is known in the bazars, is in common use 
on the Punjab frontier in the Himalayan passes, where can be 
seen herds of goats and sheep coming down in the spring from 
Tibet, each carrying two snuill bags of borax or salt to be bartered 
for Indian and foreign stores. 


Table 114, — Exports of Borax by sea from India during the 7/cars 

1924^25 to 1928-29. 


— 

Quantity. 

Value. 

Value per 
cwt. 


(JwtK. 

Metric 


Rfl. 



Tons. 



1924-25 .... 

3,713 

189 


27-01 

1926-26 .... 

2,266 

116 

49,068 

21-65 

1026-27 .... 

1 

1,782 

90 

i4.20r) 

2481 

1927-28 . . . , j 

1,266 

64 

35,364 

28-15 

1928-29 . . . . 1 

\ 1,620 

77 

33,633 

21-50 

4vercige 

2,107 

107 

52,320 

24-83 


In addition to the borax sent by sea to foreign countries, small 
quantities cross the frontier into Nepal, Kashmir, Kelat, Afghani- 
stan, Tibet and China. Of late years the export trade in borax has 
very seriously declined. Forty-five years ago the quantity sent out 
of India amounted to over 16,000 cwts. a year, valued at £24,000. 
At that time the greater part of the material exported went to 
the United Kingdom (14,134 cwts. in 1883-84), but, v^ith the dis- 

§ A 
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covery of large deposits of calcium borate in America, ' tjie demand 
for borax from India ceased, and, under normal conditions, the only 
large customers are now the Straits Settlements and China (Hong- 
kong). 

The annual amount of borax imposed into India across the 
frontier averaged 22,969 cwts. of the value of Rs. 5,70,620 for the 
period of the preceding review. Owing to the discontinuation of the 
old system of registration of trade by land since Ist April, 1926, 
figures for the imports of borax by land are no longer available. 
The annual amount imported by sea during the past five years has 
averaged (as shown in Table 115) 13,947 cwts. of the value of 

Rs. 2,36,248 as compared with 8,766 cwts. of the valuejof 
Bb. 2,52,703 during the period 1919-20 to 1923-24, 


Table 116 , — Imports of Borax by sea during the years 1924-25 to 

1928-29. 




— 


Quantity. 

Pfllwe. 

i 

Value per cwt. 





Cwts. 

Rs, 

Rs. 

1924-26 

• 

• • • 

• 

9,664 

2,18,209 

22-82 

1026-26 

• 

• • • 

• 

10,626 

2,14,672 

20*30 

1926-27 

e 

• • • 

• 

11,307 

1,99,416 

17-64 

1927-28 

• 


1 

16,834 

2,64,699 

16-72 

1928-29 

• 

• • 

• 

21,603 

2,84,445 

13-23 



Avercige 

• 


\tl,3d,24S 

16-91 


The borax obtained in the Fuga valley of T^adakh, Kashmir, is 
deposited from hot springs associated with sulphur deposits, which 
probably represent the final phase of declining|^volcanio action. The 
matenal collected iu Tibet is obtaiuod from salt lakes, which have 
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possibly obtained their borax in a sinailiir way from liypogenf». sonrcea 
In other parts of the world, as in California, Argentina, l^olivia, and 
Chile, deposits of calcium borate, colemanite, are worked for theil 
boracic acid, besides the borax of Siilt lakes and marsh dejjoaits. 
In Italy borax is obtained froni volcanic fujuarohis. 


Building Materials. 

\ E. H. Pascok. I 

As remarked by Sir Thomas Holland, ‘ if the extent of the 
use of building materials could be expressed by av»y recognised 
standard, it would form one of the best guides to ihe industrial 
develojiment of a country. The attempt made to obtain returns of 
building stones, road metal, and clays used in India was aban- 
doned when it was shown, in 1899, that the returns could not possibly 
rank in value much above mere guesses'. 

In the absence of statistics, it is diflicult to express shortly the 
trade in a material so widespread as common building stone. There 
are, however, a few features wdiicli are specially developed in, if not 
peculiar to, India. In the southern part of the reninsula, various 
igneous rocks- the charnockite series near Madras, and the gneissose 
granites of North Arcot and Mysore— are largely used ; in the centre, 
slates and limestones from the Cuddapah series, and basalt from 
the Deccan trap-flows arc quarried. In Central India, the Cent? a 1 
Provinces and the United Provinces, the great Vindhyan system 
provides incomparable sandstones and limestones, while in Bengal 
and the Central Provinces the Gondwana si»ndstoncB are used on 
and near the coalfields. In the Narbada valley the so-called 
coralline limestone of the Bagh series forms an excellent building 
stone with a certain claim to inclusion in the ornamental class. 
Among the younger rocks the nummulitic Kmesioncs in the north- 
w^est and in Assam are largely quarried, while the foraminifera 1 
Porbandar stone in Kathkxwar^ is extensively used in Bombay and 
Karachi. 

1 A ‘ Memoir on the Economic Geology of Navanagnr State ’ by G. E. Howard Adyo 
(toi l), deals with the economic uses of the miliolitc limestones, J)cccan Tra]) rocl>s, both 
acid and basic, and the iatcritc of this State. 

2 -A 2 
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The abundant development of concretionary carbonate of limo 
in tne "reat alluvial plains, and the extensive developnient of laterite 
on the Peninsula and in Burma are dependent, in their more pro- 
nounced forms, on conditions peculiar to tropical climates, and 
these two substances, the so-called JeanJear and laterite, are about 
the most valuable assets in building material possessed by the 
country. 

The three great physical divisions of India, being the result of 
three distinct geological histories, show general contrasts in the 
materials available for simple as well as orna- 
mental building pui’poses. In the great alluvial 
plains buildings of importance are usually made of brick, but the 
surrounding tracts furnish a supply of stone, which is steadily 
increasing with improved facilities for transport. The monotonous 
line of brick and stucco buildings in Calcutta has been relieved 
by the introduction of Vindhyan sandstones from Mirzapur and 
the calcareous freestones and buff traps brought from the western 
coast. But the use of Italian marbles, mainly for floorings and, 
in a smaller way, the introduction of polished granite columns 
and blocks from Aberdeen and Peterhead, have continued, mainly 
because these materials, which are no better than, and possibly 
on the whole inferior to, those of Indian origin, are placed on the 
market at cheap rates and in a manner suitable to the immediate 
requirements of the builder and architect. The distance of much 
of the Indian marble, especially the higher grade material, from 
the sea-board precludes cheap transport and prevents the Indian 
stone from competing in foreign markets with material from else- 
where. With regard to immediately local demand, however, this 
comparative inaccessibility protects indigenous supplies, and these 
are able to undersell foreign marble the transportation of which 
includes a considerable land journey. 

During the years 1923-24 to 1927-28 the value of building and 
engineering materials imported from foreign countries into India 
has had an average annual value of Rs. 1,22,78,660, exclusive of 
stone and marble, which have averaged Rs. 7,40,221 annually 
during the same period. The substances included in the trade 
statistics under the heading of building materials and entered into 
the above total comprise asphalt, bricks and tiles, cement, chalk and 
lime, clay and earthenware piping. The values of some of these are 
given in the section on clays. The quantity of cement imported 
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annually, during the years 1923-24 to 1927-28 has averaged 110,235 
tons valued at Ks. GO, 17, 151, and the annual imports of chalk aud 
lime during the same period have averaged 1,()38 tons valued at 
Ks. 67,338. 

As Sir Thomas Holland has remarked/ ‘ it is naturally sur- 
prising to find that a country, which owes its reputation for archi- 
tectural monuments as much to the fact 
stone?**"^”*** *^“**‘*^"S that it possesses an unlimited supply of orim- 
mental building stones as to the genius of its 
people, is dependent on foreign supplies to the extent indicated by 
these import returns. It can hardly be an accident that each 
dynasty which has existed in India since the wonderful Buddhist 
topes of Sanchi and Bharhut were erected, has been marked by tlio 
erection of great monuments in stone, and there can be little cioubt 
that the abundance of suitable material has been an importiint 
contributory cause in the growth of India’s reputation for archi- 
tecture *. 

Besides the architectural remains left by the Buddhists, there 
are famous works in stone by the Hindus of the eighth to tenth 
centuries, including the great Dravidian temples of Southern India, 
mostly built of granites and other crystalline rocks, and the richly 
ornamented buildings of Orissa and of Chanda built of Gondwana 
sandstones. The Pathans and Moghals utilised both the Vindliyan 
sandstones of Central India and the beds of marble in Eajputana 
for building their magnificent mosques, palaces and tombs in the 
cities of Northern India. It is only necessary to mention here 
Akbar’s city of Fatehpur Sikri, where the red and mottled sand- 
stone of the Bhander series was used, and the famous Taj, built 
mainly of white Mekrana marble, with elaborate inlaid work of 
yellow marble and shelly limestone from Jaisairaer, onyx marble 
from the Salt Eange, black calcareous shales from the Vindhyans 
of Chitor, malachite from Jaipur, carnelians and blood-stones from 
the Deccan trap, and red jasper from the Gwalior (Bijawar) series. 

The delicate and intricate carvings, for which some varieties of 
the Indian sandstones are so well suited, are admirably shown in an 
‘ Illustrated Catalogue of Ornamental Carved Stone in Gwalior,’ p\ib- 
lished by the Department of Commerce and Industry, Gwalior, in 
1912 . 


^fiec. Qeol Surv. Ind., XXXII, p. 103 (1905). 
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Although, in most crises, reliable statistics concerning the produc- 
tion of building stones in India are not obtainable, yet we give 
here such ligures as are available, excluding those relating to marble 
and slate, which are treated in separate sections. 


Gneissose granites and gneisses are used as building stones and 
for road-metal in many parts of peninsular India, particularly in 
^ , the Madras Presidency, for which returns have 

ran te an gne ss. available since 1910. Figures of pro- 

duction and value for Bihar and Orissa, Burma, and Madras are 
given in Table 116. 


From 1907 to 1908 there was a sudden increase in the Burmese 
production of granite and gneiss, from 27,781 tons to 340,939 tons. 
This was largely due to the development of quarries in gneissose 
granite in the Thaton district for the supply of stone to the Burma 
Hallways Company and the Town Lands lieclamation Works in 
Kangoon. Owing probably to the same causes the production of 
the Thaton quarries is reported to have reached the enormous figure 
of 7,642,268 tons in 1909, valued at £344,704.^ fcjince then the 
production from this district has been relatively small, but in 1909, 
quarrying began at Kalagauk Island in the Amherst district in 
connection with the Rangoon River Training scheme. The out- 
put in 1909, was 57,500 tons and with the introduction of a 
regular service of hopper barges, reached a total of 295,125 tons in 
1912. With the completion of the scheme the works were closed 
down in 1914. From 1914, there was a steady rise up to 1917, 
and a somewhat sharp fall of 72,000 tons in 1918, from Burma. 
During the five years 1919-23 there was a still further fall, the annual 
average amounts working out to less than 116,000 tons ; during 
the qumquenmum under review this figure rose to nearly 638,000 
tons, the annual average being 525,980 tons. The figures for 
Madras are as capricious in their fluctuation as they were in the 
preceding period, but are again much smaller ; the average annual 
output has in fact been scarcely more than one-half of that during 
1919-23. Too much significance must not be placed on these 
figures, which are probably largely affected by the periodical demand 
for ruad-metal for the town of Madras. 


^ The Goveiumont of Burna were unable to ooudrm this figure owing to the destruc 
Uen oi the dLstnut roooids. 



Tabcs. Iie.—Productum of Granite and Gneiss during the years 1924 to 1928. 



(a'i ATerage of thne years. 
















352 


Tf^r^mls of the Geological Survey of India. 


t VoL. 


The available figures for the production of sandstone in India 
are shown in Table 117. Those shown for the United Provinces 

Sandslone output of Vindhyan sandstone 

from the Allahabad and Banda districts. The 
figures for Bihar and Orissa refer chiefly to the output of Vindhyan 
and Gondwana sandstones, from the districts of Shahabad and 
Manbhum, respectively. A quartzite of good quality from Susnnia 
Hill, Bankura, has been largely employed in Calcutta for paving 
and curb stones. In Burma, sandstone is quarried in many districts, 
amongst which may be mentioned the Northern Shan States, Meik- 
tila, Thaton, Minbu, Myingyan, Sagaing, Sandoway and Akyab. 
The largest producer of siindstone between 1924 and 1928 was, 
however, Rajputana, the annual output averaging a little under 
159,000 tons ; most of the stone was contributed by Alwar, Jodh- 
pur, Bikaner and Dholpur States. 

The subject of building materials naturally includes limestone 
and dolomite used as a building stone, and the two derived products, 


, . ^ ^ lime and cement. Limestone is also used as 

a liux in the smelting of iron ore. In the 
present review cement is dealt with under a separate heading. 
Lime and cement are obtained, naturally, from the most conveniently 
situated deposits of limestones, such as those of the Upper Vindhyan 
series worked near Sutna in the Rewah State by the Sutna Stone and 
Lime Company, Ltd. ; those of the Lower Vindhyan series worked at 
Katni in the Jubbulpore district by Messrs. Cook & Sons and others ; 
those worked in the Cuddapah series at Bisra and Rourkela in Gangpur 
State by the Bisra Stone Lime Company, the material being mostly 
used as a flux in the iron and steel industry ; or the various bands 
of crystalline limestones in Madras, Central India, and Rajputana, 
and the nummulitic limestones of Assam. The last-mentioned stone 


is brought down by boat during the Rains from the southern scarp 
of the Elhasi and Jaintia hills to Sylhet where it is burnt in primi- 
tive kilns ; Calcutta at one time derived its main supply of building 
lime from this source. Vast quantities of limestone, suitable for 
building-stone or for lime-burning, are available over large areas 
of Baluchistan, Such figures as are available for the production 
of limestone during the period under review are given in Table 118. 

The production of the Sutna Stone and lime Company in Rewah 
may be gauged from the quantities despatched from the works, and 
has fallen to less than half what it was during the post-War quin- 



Table 117 . — Produclim of Sandstone during the years 1924 to 1928, 
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fa) A^e^age of W years. 
(h) Average of four years. 










Table \1B — Production of Limestone and KanJcar during the years 1924 to 1928. 
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quennium. During the live years 1924-28 the quantity of limestone 
has averaged annually 20,08G tons valued at Rs. 23,351. During 
the period under review unslakcd lime manufactured by this < om- 
pany averaged 12,529 tons valued at Rs. 1,61,345, and slaked lime 
638 tons valued at Rs. 2,669 ; both show a marked decrease. As is 
shown by these figures, much of the limestone quarried is not con- 
verted to lime, but is instead railed a distance of 530 miles to the 
Barakar Iron Works, where it is used as a flux in the blast furnaces. 

Besides the Maihar 8tone and Lime Company, three other com- 
panies, viz., the Mahadeo Stone and Lime Company, the Imperial 
Stone Jjime Manufacturing Company and the Jagjahir Stone and 
Lime Company, are at present working for limestone in the Maihar 
state. The annual output from that state showed an increase to 
more than three times what it was in the previous five years, and 
averaged 85,477 tons valued at Rs. 53,482. 

The production from Bihar and Orissa is derived chiefly from 
Uaiigpur State with, in some years, large amounts of kankar and lime- 
stone from the Shahabad district. The Gangpur output includes 
the production of the Bisra Stone Lime Company, of B. B. Byramji 
and Company and of the Tata Iron and Steel Company. The average 
annual production of the Bisra Stone and Lime Company was 355,412 
tons of limestone valued at Rs. 5,93,847, and 23,972 tons of dolomite 
valued at Rs. 39,337 — a notable increase when compared with the 
production of the previous quinquennium. The Tata Iron and 
Steel Company produced annually an average of 67,839 tons of 
limestone valued at Rs. 2,25,342 and 110,542 tons of dolomite at 
Rs. 3,46,534. The company are at present using limestone as a flux 
in preference to dolomite. The percent{’4.ge of insoluble matter in 
their limestone deposits, however, increased so much at depth that 
the material was found unsuitable as a flux for blast furnace purposes. 
The company have, therefore, closed down their limestone quarries, 
and are at present obtaining their requirements from the Bisra 
Stone and Lime Company. The following table shows the production 
of limestone and dolomite by the Tata Iron and Steel Company : — 


LimoBtono. 

Dolomito. 

Tons. 

Tons. 

44,609 

268,313 

.72,286 

220,802 

[0],654 

64,360 

103,476 

9,236 

27,372 

nil 







356 


Records of the Geological Survey of India, [ Vol. 

Towards the end of the quinquennium 1909-13 the opening of 
the Deliri Rohtas Light Railway led to the formation of three com- 
panies-the Kalianpur Lime Works, Limited, the Kuchwar Lime 
and Stone Company, Limited, and the Sone Stone and Lime Works 
— to work the Rohtas (Vindhyan) limestone at and near Banjari 
in the Shahabad district. These are still the three principal com- 
panies at work, but more than a dozen others are at present quarry- 
ing limestone in this district. The total output of limestone in the 
Shahabaxl district, in which most of the workings have now come 
mider . the Indian Mines Act, averaged 258,654 tons valued at Rs. 
6,68,540. 

The production shown for the Central Provinces is derived mostly 
from Katni, where the limestone quarries come under the control 
of the Indian Mines Act. The quantity raised under this Act 
averaged 366,288 tons worth Rs. 5,05,149, compared with 171,416 
tons valued at Rs. 2,95,979 for the previous quinquennium. The 
average daily labour employed is shown below separately for each 
year, the annual average for the period being 4,476 persons — a 
figure only 19 short of that for the previous five-year period. 


Production of Lmiestone from Katni Act-Mines and Labour Sta- 
tistics, 


— 

1 

Quantity. 

Value. 

PevaoiiH 

oniployed 

daily. 


'J’oiis. 

Its. 


1924 

259,039 

4,46,665 

S,255 

1925 

329,167 

5,11,793 

3,781 

1929 

305,168 

4,29,462 

Mil 

1927 

356,696 

4,37,732 

3,894 

1928 

.581,372 

7,00,092 

6,042 

A vtragt>, . 


5,05,149 

4,476 


A very small proportion of the limestone, shown as quarried in 
Assam, comes from the Lakhimpur district and Manipur, practicaUy 
the whole of the output being from the Khasi and Jaintia hills, 
where the nummulitic limestone is being worked by the Sylhet 
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Lime Company, Limited. The average output from this province 
amounted to 73,696 tons valued at Rs. 1,44,373 annually. 

As regards the other areas reported as producing limestone, 
the limestone of Burma comes from many localities, the most im- 
portant of which are the Amherst, Mandalay, Meiktila, Sagaing and 
Lower Chindwin districts, and the Northern Shan States. From 
Madras production is reported in small quantities in several districts, 
of which North Arcot and Tinnevelly are worth mentioning. The pro- 
duction reported from the Punjab comes mainly from the Attock, 
Jhelum and Rawalpindi distrujts, whilst the output reported from 
Rajputana comes chiefly from various States of which Bundi,, Jodh- 
pur and Sirohi are the most important. The apparent increase 
in the total production from the United Provinces is due to the 
inclusion of kanhar which is used mostly for the metalling of roads 
instead of in the manufacture of lime. The production of hankar 
averaged 775,846 tons annually; of this only 4,271 tons were used 
in the manufacture of lime, the rest having been employed as road- 
metal. The output of limestone in the United Provinces averaged 
22,180 tons, the more important districts being Dehra Dun, Etawah 
and Naini Tab 

One of the most widespread and interesting sources of lime is 
the material generally known by the name of kanJear, some of the 
Kankar more solid varieties of which have found a 

limited use as building-stone. The commonest 
mode of occurrence is in the great alluvial deposits, particularly in 
the older alluvium, in which the calcareous substances have segre- 
gated from the rest of the materials and have grown into irregular 
lumps like flints in chalk, including in the concretions a certain 
amount of the argillaceous substances which, when the kankar is 
burnt, is present in a proportion not far removed from that necessary 
to produce a hydraulic lime. The material of these concretions 
constitutes, in fact, a * natural cement 

Another industry for which a high grade limestone is required 
is the manufacture of calcium carbide and calcium cyanamide. The 
latter is becoming increasingly important as a nitrogenous mmure 
and a greater supply would in all probability create its own demand. 

Laterite is widely distributed over the whole of the Peninsula 
of India and in Burma. In certain cases it has a special value as 


Laterite. 


an ore of aluminium (see page 331), iron or 
manganese, according to composition (see 



Table 119 . — Production of LalerUe during the years 1924 to 1928. 
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page 232), but it is also very widely used as road-m-.^tal and as a 
building stone for culverts and buildings ; for the latter purpose it 
possesses one advantage over other stones in the ('as 3 with which 
it can be cut into blocks and its power of subsequently hardening 
when exposed to the air. In most cases, no statistics are collected. 
In Table 119 are given the statistics as far as available. The figures 
for Assam relate to Cachar and Sylhet and in some years to the 
Kamrup district, while those for Bihar and Orissa refer to the Puri 
district and the Nilgiri state. The annual Burmese output averaged 
288,o()4 tons valued at Rs. 4,04,844. The output comes from some 
eighteen districts, but the most important are Amherst with# an 
average annual output during the period of 66,887 tons, Hantha- 
waddy with 14,187 tons, Insein with 38,933 tons and Thaton with 
125,308 tons. The laterite of Madras comes from the Trichinopoly, 
Malabar and Chingleput districts, the last two contributing annually 
on an average 46,632 tons and 42,494 tons, respectively. 

The mineral returns of Burma regularly give details of the pro- 
duction of gravel in various districts ; the total 
(iravci. . ® ' 

figures are : — 


1024 .... 

1925 .... 

1920 .... 

1027 . . . • 

1928 .... 

Average 


130,344 tons valued at 

Rb. 

74,870 

164.171 „ 

»» 

09,472 

132,611 „ 

»» 

63,0(]4 

216,046 ,. 

it 

64.364 

269,092 „ „ 

tt 

1,24,100 

17S,63'^ „ „ 

tt 

77 J 8,^ 


Tke most important districts are Mergui, Pakokku, Mandalay, 
•!?hwebo, Sagaing and the Northern and Southern Shan States. The 
material is used for the repair of roads. 

A hard conglomerate, occurring below the Mergui series, is being 
quarried in Pataw Island opposite the town of Mergui, and used in 
the harbour construction work along tlie margin of the town. 


(^ment. 

[A. M. Heron.] 

Por about ten years previous to the War, cement had been manu- 
factured from sea-shells by The South India Industrials, Limited, 
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Washermanpet, Madras, but the output was on a srnall scale and 
never exceeded 5,000 tons per annum. The Portland Cement 
industry may be said to have started in India at the end of 1914, 
when the Indian Cement Company (Tata Sons, Limited), opened 
their works at Porbandar in Kathiawar. During the War two 
other companies commenced production, the Katni Cement and 
Industrial Company, at Katni, Central Provinces (Macdonald and Com- 
pany) and the Bundi Portland Cement Company (Killick, Nixon 
and Company), at Lakheri, Bundi State. The bulk of the output 
of these three factories was taken by Government, and as the 
importation of foreign cement was largely interrupted during the 
War, their production increased substantially, being 73,728 tons in 
1917, 84,344 tons in 1918, and 86,812 tons in 1919. The post-War 
industrial activity in 1919 and 1920, increased the demand for 
cement, and very high prices prevailed, with the result that the- 
existing companies added largely to their plants, and new com- 
jjanies were formed. During the quinquennium 1919-23, the 
following companies came into operation : — 

Dwarka Cement Company, Limited, Dwarka, Kathiawar, now 
called the Okha Cement Company, Limited. 

Sone Valley Portland Cement Company, Limited, Japla, near 
Daltonganj (Martin and Company). 

♦Jubbulpore Portland Cement Company, Limited, Mehgaon, 
near Jukehi, C. P., 10 miles from Katni. 

Gwalior Portland Cement Company, Limited. (Gwalior State 
Trust, Limited), Banmor, G, I. P. Railway, 12 miles north 
of Gwalior City. 

Punjab Portland Cement Company, Limited (Killick, Nixon 
and Company), Wah, near Hasan Abdal, Attock district. 

Central Provinces Portland Cement Company, Limited Ky^ 
more, near Jukehi, C. P., 10 miles from Katni. (Messrs. 
Dindiaw and Company, Bombay.) 

During the quinquennium under review, 1924-28, the following 
company, amongst others, has been started ; — 

Shahabad Cement Company, Limited (Tata Sons, Limited), 
Shahabad, Hyderabad State. 

* Now the United Cement Company of India, Limited, under the same management 
as the Central Provinces Portland Cement Company, Limited, 
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The statistics of 
has increased. 


import and production show how the industry 


Tabljs 120 . — Indian jn'odvtction and imports of Portlafid Cement, 


Year. 

Indian 

Production. 


1920 







Tons. 

Tons. 


• 

■ 




91,253 

156,480 

1921 







132,812 

127,565 

1922 







151,330 

140,3W 

1923 







234,936 

124,886 

1924 







263,746 

124,286 

1925 







360,549 

129,198 

1026 







375,993 

99,967 

1927 







477,640 

127,662 

1928 







558,544 , 

135,574 


The excellent quality of the Indian product has overcome the 
initial prejudice against an untried article, and the industry is now 
firmly established. In common with others, it passed through a time 
of depression and over-production at the beginning of this quinquen- 
nium, and an application for protection was made to Government, 
by several of the companies. There is an import duty of Rs. 9 per 
ton on Portland cement (excluding white Portland cement) and of 
15 per cent, ad valorem on cement (excluding Portland cement other 
than white Portland cement). 

During recent years new uses for concrete, not only in heavy 
constructional work, but in ornamental details, frames and mould- 
ings of buildings, reinforced bridges, modern arterial roads, pipes 
and even the linings of canals, have vastly widened the demand for 
cement,* and with the steady expansion of industrial activity increas- 
ing consumption in its everyday uses, the cement industry in India 
may look to a prosperous future. 

The Concrete Association of India/ under the auspices of the 
Indian Cement Manufacturers Association, established in 1927, helps 
in developing tlie industry by giving free advice and assistance in the 
uses of cement, and issues a monthly magazine and pamphlets in 


* The author is greatly indettod to Jlr. T. Campbell Gray of thjs afpociation, for much 
informatioa. 
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English and vernacular languages dealing with the correct pre- 
paration of concrete and its uses in ordinary works. 

Portland cement is usually produced by the action of intense heat 
on a finely ground miTcture of limestone or marl with clay or shale. 
Tt can be produced from raw materials differing greatly in composi- 
tion, texture, etc., but the mixture should contain about 75 per 
cent, of calcium carbonate and 25 per cent, of clay material, with a 
little gypsum. 

The calcium in most limestones is partly replaced by magnesium, 
but, for Portland cement, the amount should not be more than 3 to 
4 per cent, of magnesium carbonate. Tt lias been described as ‘ a 
compound consisting chiefly of silicates and aluminatcs of lime, 
produced by the calcination to incipient vitrification of a mecha- 
nical mixture of chalk and clay, or similar materials containing the 
requisite chemical constituents, the clinker thus produced being 
subsequently ground to a more or less impalpable powder Occa- 
sionally an argillaceous or clayey limestone o<3Curs in which the 
essential constituents of cement are present in almost the correct 
proportions, as in the case of kanJear (q, v.). In such a case very 
little additional material will be required to bring the mixture to 
the correct composition. This, however, is unusual, and it is cus- 
tomary to use a mixture of limestone, which provides the calcium, 
and shale or clay which provides the alumina and silica. In Great 
Britain the chalk used is almost pure carbonate of lime (CaCOg), 
and the required amounts of silica and alumina are introduced from 
the clav. The Madras Portland Cement Company, Limited, appa- 
rently obtain their calcium from shells, which are quarried in the 
Chingleput district. Most of the other companies use lime- 
stone. 

In India some of tlie limestones contain all the ingredients in 
almost correct proportions. At Banmor (Gwalior Portland Cement 
Company, Limited) the limestone so nearly contains the necessary 
silica and alumina that the clay added is less than one per cent., 
and at Lakheri (Bundi Portland Cement Company, Limited) no clay 
at all is used, the correct proportion being obtained by mixing 
different grades of limestone. In other cases substantial amounts 
of clay have to be added. The proportion of gypsum necessary is 


* * Portlanil Cement • D. B. Butter, 
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about 5 per cent., varying with the time of setting desired. The 
procKiss of manufacture may be divided into three stages. Tn the 
first stage the limestone and clay are crushed, ground and mixed, 
as finely and intimately as possible, either dry or as a ‘ slurry ' 
with water. In the second stage tliis mixture is calcined in a steel 
rotating kiln, lined with refractory bricks. The kiln is a tube, 100 to 
250 feet in length, and 8 to 10 feet in diameter, inclined at a low angle 
to the horizontal, and rotating slowly at one or two revolutions per 
minute. The mixture of limestone and clay is fed into the kiln at 
its higher end, and descends slowly under gravitation, while pow- 
dered coal is injected at the lower end and, igniting on entry, ci^ates 
an intense heat. The carbonate of lime of the limestone is decom- 
posed by the heat, and the free lime <'oml)ines with the silica and 
alumina of the clay. The product of calcination is called ‘ clinker ’ 
and passes out at the lower end of the kiln. 1'he third stage of 
manufacture is the grinding of the clinker to a fine powder, and the 
mixing of gypsum with it. Though the process of manufacture 
is essentially simple, the grinding and calcining machinery is heavy 
and expensive, and a complicated system of mechanical conveyors 
is )iecessary to carry the materials through the plant. 

Limestone of excellent quality and in abundant quantity exists 
in many parts of the country close to railway lines, so that the fac- 
tories have usually been established near the quarries. Suitable 
clay is invariably to be found close to the works. Gypsum is pro- 
duced in India, but has to be brought long distances, and even though 
the quantity of this does not exceed 5 per cent, of the output of 
c<micnt, the freight on gypsum is an appreciable item, and may 
anioiiiit to as much as one rupee per ton of cement. Counter- 
balancing these natural advantages, almost all the cement factories 
are situated at such a distance from the coalfields that the freight on 
coal is a very serious item in tbe co.sts. Inferior local coal may in 
some instances be used for raising power in the works, but the coal 
used- in the kilns must contain a low percentage of ash and 
sulphur, for 1*2 per cent, of sulphur is fixed as the maximum 
allowed by the British Engineering Standards Association. For 
this reason at least half of the coal used must be from the Bengal 
and Bihar coalfields. With the exception of the fwo concerns in 
Kathiawar and the small one at Madras, none are within 300 miles 
of a seaport. This gives Indian cement an advantage as fai as 
up-country markets are concerned since imported cement bears 

2 92 
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heavy freight charges to these inland centres, but on the’ other hand 
the principal regular market is in the cities of Calcutta, Bombay and 
Rangoon, where sea-borne cement is at a great advantage. 

In the article on bauxite (pp. 338 — 339) attention has been drawn 
to the use of that substance in the manufacture of high-alumina, 
rapid-hardening cements (ciment fondu or Lafarge cement), which 
are resistant to sea-water and water containing sulphates. In view 
of the natural advantages which India possesses in large deposits 
of bauxite, especially at Katni, where three cement factories arc 
operating, this branch of the industry might well repay investigation 
by tjie manufacturers. 


The Indian Cement Manufacturing Companies, 


Name of Couix)any. 

Dato 
when 
inanufac* 
tore eora- 
mencod. 

Site of the works. 

Full 

capacity 
of plont. 

Fixed 
capital 
expenditure 
of the com- 
pany, lakhs 
of rii|)eefl 

In 1025. 

Amount of raw 
materials for 1 
ton of cement. 




Tons. 



S oiit^ India InduB^ 
trials, Ltd. 

1004 

Washerman pet, 
Madras. 

10,000 

8-8 


Indian Cement Co., 
Ltd. 

1914 

Tor bandar, Ka- 

thiawar. 

30,000 

27-9 

(In 1028, 
38 ordinary 
and 1 do- 
bent urea 
Issued.) 

1*3141 tons lime- 
stone, 0*1102 tons 
siliceous stone, 
0-2767 tons clay. 

Katni Cement and In- 
duetrlal Co., Ltd. 

1916 

Katni, C. P. 

60,000 

47-6 

About 1| tons lime- 
stone and clay 
(latter only a 
small propor- 

Uon). 

Bund! Portland Ce* ' 
m^nt. Ltd. 

1916 

Lakberi, Kajpu- 
tana. 

66,000 

48'0 

1*6 tons limestone, 
46 lbs. gypsum. 

Dvarka Cement Co., 
Ltd. (now Okha Ce> 
ment Co., Ltd.). 

1922 

Dwarka, Kathia- 
war. 

j 

100,000 

780 

1*25 tons limestone, 
0*4 tons clay. 

Son# Vall^ Portland 
OeoEent Co., Ltd, 

1922 

Japla, E. L By. 
(DaltonganJ 
Branch). 

50,000 

770 

•• 
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The Indian Cement Manifaciuring Cornjpanies — coatd. 


Nftino of Coiupfioy. 

Date 
when 
manutac* 
ture coin- 
menced. 

1 

Site of the works. 

FuU 
capacity 
of plant. 

Hired 
capital 
expenditure 
of the com- 
panyi lakba 
of rupees 
la 1906. 

Amount of raw 
material! for i 
ton of cement. 




Tom. 



.lublmlpore Portluad 
Ceineut Co., Ltd. 
(now United Cement 
Co. of India, Ltd., 
from 1927). 

1922 

Mehgaoo, near 
Jukchl, C. P., 
10 inlle» from 
If^atnl. 

00,000 

500 

About 10 o«B of 
limestone and 

clay (latter only 
it small propor- 
tion). 

Gwalior Cement Co., 
Ltd. 

1923 

Bonmor, 12 mllea 
from Gwalior. 

40,000 

1 

1 410 

1'04 tons limestone 
0-0125 tuns clay. ' 

Punjab Portland Ce- 
ment, Ltd. 

1923 

Wall, near llagan 
Abdal, Punjab. 

80,000 

01-2 

1 ton Umesloue, 
k tun clay, 0-05 
ton gypsum. 

Central Provlncea 

Portland Cement 
Co., l^td. 

1923 

Kymore, near Ju- 
kebi, 0. P., 10 
miles from 

Katni. 

100,000 

130-C 

li ions Umostono 
0-45 tons clay 
0'045 tons gyii 
sum. 

Shahubad Cement Co., 
Ltd. 

1925 

Slmhabad, Hyder- 
abad State. 

80,000 
(can be in- 
creased to 
120,000). 

in 1028, 50 
authorised, 
35 ordinary, 
and 12 deben 
turos issued. 

• ’ 


Nona. — The particulars lu the above table are takeu clilelly from the licpurt of the Indian I'arih 
Hoard on the Oemont Industry, lV2i4 and 1926. 


The author is indebted to Messrs. Martin and Company, the 
Managing Agents of the Sone VaJlcy Portland Cem<*nt Company, 
for the following account of the works and factory at Japla in the 
Palamau district ; — 

‘ The raw materials utilised are limestone and shale, the former 
Sone Valley Portland being quarried on the lower slopes of the 

Cement Company. eastern escarpment of the Kymore hills at 

Rohtas, where the steep limestone slope rises nearly 350 feet 

above the level of the plain and can be most easily worked. A 
ropeway, five miles long, conveys the selected limestone to the 
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cement works, crossing the River Sone en roule, and dropping the 
stone directly into the storage bin of the raw material mill in the 
factory standing close to the eastern bank of the river. The shale is 
obtained near the East Indian railway line at Daltonganj and is 
conveyed thence by railway to the factory, a distance of about 50 
miles. The limestone having been automatically discharged from 
the ropeway buckets into the limestone bin passes automatically 
thence through two heavy crushers and thence through Jieavy 
rolJs. The shale, as discharged from the railway waggons, is passed 
through a crusher and is elevated into a hopper whence it is hid 
by a revolving measuring table into the similarly measured stream 
of limestone passing to a great ball mill within wliicli balls crusli 
and mix the two materials, until the product becomes small enough 
to escape through the grids with which this mill is fitted. Water 
is admitted to the ball mill during the process and the mixture is 
thereby converted into a thin creamy mud technically known as 
‘ slurry Passing from the ball mill, the ‘ slurry ’ enters two 
large revolving tube mills half filled with round flints. Those 
machines grind the materials line enough to leave a residue not 
exceeding live per cent, on a sieve having 32,400 holes per square 
inch. Thence the stream of slurry passes to tlui ‘ mixers ^ or 
storage basins which are equipped with rotating stirrers. The slurry 
is not allowed to leave the mixers until it lias been sam]dod and 
found to be of correct composition. The slurry is putnjxid into a 
macliine fixed above the kiln, for the purpose of regulating the feed. 
The kiln is a Jong steel tube lined with firebricks and rotating slowly 
on heavy steel rollers. Th(i slurry gradually works its way towards 
the lower end, the water in it being driven off by the hot gases passing 
from the burning zone to the (diimiiey shaft. Finely ground coal is 
blown in by a fan at the lower end of the kiln and there forms a great 
flame which fills the entire burning zone and creates a temperature 
ranging between 2,400"’ and 3,000° Fahrenheit. This raises the dried 
lumps of slurry to a white heat and causes a chemical combination 
of the lime with the silica and alumina, resulting in a clinker, in size 
ranging from tluit of a pea to that of a tennis ball with occasional 
larger pieces as big as a man’s head. The clinker falls from the lower 
end of the kiln into another revolving steel cylinder, equipped with 
longitudinal bars which keep lifting the hot clinker uj) and allowing 
it to drop tlirough the in-rushing ait. By this means the clinker 
is cooled. The cooled clinker emerges from the lower end of the 
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cooler and drops into a series of elevators which carries it into the 
clinker store. Through numerous holes in the floor of this store the 
clinker falls into a conveyor which carries it to the mill, where, in a 
ball miU and two tube mills similar to those used in the raw material 
mill, it is reduced to a fineness which leaves a residue of only about 
5 per cent, on a sieve having 32,400 holes per square inch. Other 
conv(iyors and elevators take the finished cement to the storage bins. 
The capacity of the present plant is about 1,200 tons per week or 
about 60,000 tons per year.’ 

Sone Vallcij Portland Oement Companij, Limited. {Cement ]yoils, 
Japhxy 3rd July, 1923.). 


Limostuiiu analysos, from Bhan^ia (luroROto Liuiestotio Quarry. 


SiO, 

Per cent. 
10*78 

Per rent. 
10*52 

Per cent . 
10*05 

Pei cent. 
9*'’8 

Al.Oa 

1-62 

1*38 

1*22 

1*30 

FogOj 

0*90 

0*80 

0*92 

0*80 

CaCOj ...... 

83*50 

84*00 

84*70 

85-20 

MgCOa 

3*30 

2*98 

2*57 

2 88 

Alkalios ...... 

•• 

0*32 

0-54 


Total 

10()*(KJ 

100*00 

100*00 

100 02 


The author is much indebted to Messrs. KillicJv, Nixon and 
Company for the following particulars of the Bundi and the Punjab 
Portland Cement Works, to Messrs. Macdonald and Company for 
those of the Katni Works, and to the vaiioeis managers and chemists 
at the factories. 

It is a matter of extreme importance to the Bundi Portland 
Cement Works to know the exact composition and lateral variation 


Bundi Portland 
Cenient Co., Ltd., 
Lakheri, Bundi State, 
Ralputana. 


of each band in the limestone (the Lower 
Bhander in tlie Upper Vindhyans). Numerous 
analyses have been made by tho chemist 
to the company, Mr. A. Weighell, and the figures 


of some of the lime quarry and cement quarry analyses been 


kindly supplied by the Managing Agents, Messrs. Killick, Nixon 


and Company. 
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Number of analyflea. 

— 


White. 

7 

Top Red. 

7 


Per cent. 

Per cent. 

Per cent. 

SiO^ (calcined) .... 

27P2 

22*77 

23*01 

NiOa ...... 

18*32 


]4*y7 

AI2O3 

4-C4 

3*34 

3*09 


1*76 

0*63 

0*94 

<'aO ...... 

41*53 

44*88 

44*74 

MrO 

0*63 

0*75 

0*74 

C}(>a 

31*37 

34*73 

34*61 

(Jombinml II/) 

0*82 

0*73 

0*73 

T<jTal 

99*37 

t«)-03 

99*82 

Cttlcimotor figure .... 

71*2 

78*9 

78*7 

Ti X- 

3*97 

4*40 

4*84 


Cement quarry samples. 


Beiicli ninnbera. 

1 

2 

3 

4 

Number of anulyses. 

10 

10 

10 

6 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

((Jaloiiiod) 

25*8.'> 

24*06 

25*58 

26*00 

SlOg 

16*98 

16*68 

16*87 

17*86 


3*01 

3*19 


3*84 

re/)i 

0*94 


1*24 

1*63 

CaO 

43*36 

43*71 

42*56 

42*11 

MgO ..... 

1*03 


1*06 

1*24 

aoa 

33*33 

33*74 

32*94 

31*80 

IlyOf etc 

1*00 


1*06 

1*02 

Total . 

99*65 

99*66 

90*58 

99*49 

Oaloimeter figure . 

75*7 

76*6 

74*9 

72*2 

Al,0, 

i 

5*64 

m 

4*37 

4*65 

> 
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The Buodi Portland Cement Works have a modern plant ; with 
every possible labour-saving device. They have recently installed 
a new crushing plant and the output of the works is likely to be 
considerably increased in consequence. The stone reserves of the 
company are immense, but the overburden is increasing as the quar- 
ries are extended to the north. Though at present scoops have to be 
utilised, there are many years reserves in actual sight. The com- 
pany have the sole rights for limestone in Bundi State. 

The works are conducted on up-to-date lines, the raw materials 
as well as the finished product being, at regular intervals, samplod 
and analysed by the chemist. 


Raw maierialsr — 

Z/iwies/otJC.—Black Nnmmulitic limestone, markedly bituminous 
Punjab Portland up to 98 per cent. CafJOa. Small hills 


Cenient Co., Lid., Watt 
(Atlock Disl.). 

hiUs. 


of this rock lie <5losc to the factory, (lonstitu- 
ing outlying spurs of the distant Margala 


Clay . — Alluvial clay is dug from the foot of these hill-masses. 
It is a pure, fine-grained, silty clay, free from sand. Its 
aluminium content is 19 per cent, which, according to the 
chemist of the works, is high and is giving trouble. 

Gypstim.— A small quantity of gypsum (from Khewra) is used 
for mixing with the clinker before grinding, as a retarding 
agent. 

The limestone crushers, elevators, mixers, slurry tanks, agitators, 
grinders, etc., arc of modern type. There is an elaborate water 
purification plant for bringing the hardness of the water used (ob- 
tained from tube-wells at some distance) down tc the proper degree 
suitable for cement manufacture. The furnace is a cylinder of 6 feet 
diameter and about 175 feet in length. The maximum heat at the 
farthest end of the feed (where the fusion takes place) is about 
1, 500^0. Pulverised coal from Dandot (Salt Range), and Dishergarh 
slack are used for fuel. The daily output is 100 tons, day and 
night working. The sacking, etc., is done by machinery. The grinding 
of the clinker is a little finer than is the case with imported 
Portland cement. 
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The output of cement is 6,600 tons j)er month. Th^ factory com- 
menced working before the War and is said to be in a very flourishing 
condition. 

Raw MaleriaU - 

Limestone , — One quarry is being worked in the Vindhyan 
limestones, about a quarter of a mile from the works. The limestones 
The Katni Cement are of the dark-grey flaggy jointed variety, and 
and Industrial Co., Lt^, about 40° to the north-west. There is 

South of Katni, 0. 1. P. an overburden of about 40 feet of latente and 
Railway. bauxite and light yellow and pink clays to be 

removed. According to the general manager, Mr. J. Boyd, the 
limestone occurs deeper to the north-west and appears to be some- 
what lenticular, dying out along the strike. Almost all the rock 
m this quarry is of good quality, from 80 to 96 per cent. CaCOg. 
Additional good limestone is obtained from about 20 ntulos away. 

Clay , — The clay, which is mixed with the crushed limestone, 
is dug from the trap soil which forms the overburden 
of the above-mentioned limestone quarry. 

Gypsum , — Gypsum used for retarding the speed of setting of 
the cement has to be brought from Khewra, Salt Range, 
Pxmjab. It contains 98 per cent. CaS 04 . 2 H 20 . 

Coal , — Slack coal from the Bengal coalfieds is largely used, 
one of the Burhar seams being quite good. The Umaria coal 
is usable if a little care is taken in picking the coal. 

The plant is electrically driven and is very up-to-dfite ; work 
continues night and day. The limestone and clay ingredients, 
after being properly mixed in the correct proportions, are burnt in 
a long revolving steel cylinder, lined with fire-brick. The powdered 
coal is fed in with a blast of air from the opposite end of the cylinder. 
The temperature in this end of the cylinder where the final heating 
and conversion to Ca-Al-silicates takes place, rises to 1,600°C. Two 
of these revolving furnaces are kept going continually. 

In addition to the cement factory, there is a more recently cons- 
tructed firebrick and pottery works adjoining, and under the same 
management. Firebricks have been made to supply the needs 
of the cement factory, but the manufacture of pottery is still in the 
experimental stage. The clay is obtained from Jubbulpore, from 
Chandia, Rewah State, and other local places. 

There is a rapid sale for all the cement which is manufac- 

tored* 
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Clays. 

(E. L. G. Clegg.) 

The important part played by clay in the industrial development 
of a coiuitry is not goierally recognised, but can easily be illustrated 
by rcfereiuie to the mineral statistics of such an 
aa'^nUncMl product industrially advanced country as the United 
Kingdom. In 1927, clay ranked second in value 
amongst the mineral products of that country ; the output in that 
year being 18,081,213 statute tons valued at £3,820,373. The 
figures, in 1922, for the United States relate only to the manufac- 
tured products but reach the total value of £72,572,100. The mag- 
nitude of this total can bo grasped when it is pointed out that this 
was more than three times the value of the total Indian mineral out- 
put for the same year of all minerals for which reliable statistics were 
available. 

No statistics approaching any degree of completeness are obtain- 
able to show the extent of the undoubtedly great industrial value 

of the clays in India. Figures for the produc- 
Productioii 111 India. i i ^ • • v 

tion durmg the last quinquennium show a 

slight decrease over those of the previous period. These figures 
include tlie finer varieties of clay used for glazed pottery ; fire-clays 
raised in considerable quantities on some of the Gondwana coal- 
fields ; Fuller’s earth, which is mined in the Central l^rovinccs, 
Mysore and Rajputana ; and China clay which is })roduccd mainly 
in Bihar and Orissa, Mysore and Jubbulpore. How incomplete 
these figures must be can be understood when it is realised that 
there is hardly a village in India without its local potter, who 
provides every household with cooking utensils, water vessels and 
other hollow ware artioles made on the potters wheel, and that 
near practically every large village in India there exists a brickfield 
which supplies the needs of the locality. No returns of the clay used 
in these local manufactures arc available. 

The output of clay for which returns are available is summarised 
in Table 121. From this it will be seen that the average annual 
output during the period 1924-28, has been 151,901 tons valued at 
Bs. 3,44,231 ; during the previous quinquennium the average annual 
output was 154,214 tons valued at Rs. 3,92,873. 



Table 121. — Production of Clay in India during the years 1924 to 1928 



(a) Kot avallaHe. [b) Average of 5 years. 
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The Bengal output is derived mainly from the Burdwan district, 
where Messrs. Burn and Company’s factory at Raniganj provides 
occupation for nearly 2,500 employees and turns out goods of various 
descriptions, amongst which the most important are glazed stone- 
ware drain pipes and roofing and flooring tiles. The manufacture 
of refractories such as lire-bricks and silica bricks also forms an 
important branch of their industry. Fire-bricks and roofing tiles 
are also manufactured at the Kumardhubi fire-clay and silica 
works of Messrs. Bird and Company at Barakar, and at the Bengal 
Fire-brick Syndicate of Messrs. Martin and Company at Kulti in 
the same vicinity, whilst in the Madras Presidency the Basel Mission 
Tile Brick and Terra-cotta works carry on the same manufacture. 

The output of the Central Provinces is mainly from the Jubbul- 
pore district with a small production from the Hoshangabad district. 
The main portion of the Jubbulpore output is derived from quarries 
in the Upper Gondwana rocks near Jubbulpore town and is used 
ill the pottery works of Messrs. Burn and Company and the Perfect 
Pottery Company. A certain amount of clay is also won by the 
Katni (Jement and Industrial Company at Tikuri near Katni. 

India also possesses resources in China clay or kaolin. This is 
used extensively in industry for the making of high grade pottery, 
China clay cotton dressing, paper filling, soap making, 

paint mixing, rubber manufacture and in medi- 
cines. Its value for purposes other than pottery lies mainly, when 
properly refined, in its perfect whiteness, fineness, so-called colloidal 
properties and its harmlessness when used edibly. The China clay 
and fire-clay deposits of the Rajmahal hills were investigated by 
Dr. Murray Stuart^ who reported most favourably on their suitability 
for manufacturing porcelain and fire-bricks of the highest quality. 
The Calcutta Pottery Works have used kaolin from Mangal Hat in 
the latter area and have succeeded in producing cups, saucers, jugs 
and ornaments of common white porcelain. Mr. F. B. Kerridge^ in 
a paper on ' The Working and Refining of Indian Kaolin with special 
reference to a Singhbhum deposit gives the following tables showing 
the results of a number of analyses made of samples of China clay 
taken at random from ordinary consignments received from Cornwall, 
and of samples of clay prepared at the Kasimbazar miaes at Hat 
Gumaria, 30 miles south of Chaibassa in the' Singhbhum district of 

^ Rec. Oeol. Surv, Ind., XXXVIII, pp. 133-148 (1909). 

• Trans, Min. Oeol. Inst. In4., VoJ. XXTVj pp. 29&^320 (1930). 
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Bihar and Orissa. Mr. Kerridge observes that ‘ chemically, the Indian 
clay compares favourably with the English variety except in regard 
to lime and magnesia content, but that so far as alumina and com- 
bined silica are concerned, there is but little difference in the two 
clays 


Bamplo No. 

Alumina. 

OxUle of 
Irou. 

Lime. 

MafpicsU. 

f'OTiiblned 

tillicu. 

InHoliiblo 

sIHc-a. 

English Imported 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Clays. 

X • . 

36-63 

1*17 

0-20 

0-3C 

42-01 

7-06 

2 . . . 

88«87 

1-30 

0-25 

0-54 

45-17 

1-70 

3 . . . 

37-02 

1-60 

0-20 

0-36 

40-07 

1-06 

4 . . . 

36-88 

1-67 

0*30 

0-36 

46-42 

3-63 

6 . . . 

36-40 

1-21 

0-.30 

0 20 

40-55 

2-52 

0 . . • 

36-35 

0-86 

0-40 

0-51 

45-48 

4-63 

Average 

36-52 

188 

0‘27 

0’40 

45*11 

3*o3 

^inghhhim. Clays. 


0-67 

0-71 

0-79 

43-28 

3-08 

2 . . . 


0-67 

0-66 

1-02 

44-19 

4-32 

3 . . . 

85-58 

1-22 

0-06 

0-00 

43-26 

7-OB 

4 . . . 


1-03 

1-03 

0-66 

43-86 

4-90 

6 . . . 


1-24 

1-13 

0-52 

43-01 

4-84 

0 . . . 


0*62 

0-68 

0-12 

46-88 

4-. 52 

A verage . 

36*28 

0’89 

0’S6 

0-05 

44’07 

4:SS 


* two Hiimples wore obviously aot * Dr> * wlu'u aiMlyaoii. 


Moisture 
ftnfl \^ater 
o! byttra- 
tion. 


Per cent. 
12‘51 
1208 
12 ‘ 6 {) 
12-20 
13-30 
12-21 
12*49 


13- 30* 
lJ-10 
10-29 

10- 13 

14- 38* 

11 - 76 
11’ 4H 


. For paper filling the Singhbhum product has completely cut out 
the imported Cliina clay in the paper mills managed by Messrs. 
Bird and Company in the Calcutta vicinity, in which mills over 
3,000 tons of China clay are used per annum. A considerable 
amount of clay of a light jiink colour but remarkable purity from the 
same locality has also been used successfully in tlic Calcutta Pottery 
Works for ‘ stoneware * acid jars. 

Table P22 shows the production of China clay in India during 
the quinquennium under review. The most* striking feature brought 
out liy this table is the average figures for 
Bihar and Orissa, 6,417 tons valued at Rs. 
63,428 with sm average value of Rs. 9 as. 14 




















Table 122 . — Production of China Clay in India during the years 1924 to 1928. 



(а) Excindea 19,421 t<»ns of China clay produced from Burdwaa iB Bengal. 

(б) Average of live years. 
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per ton, against an average total production of 20,432 tons valued 
at Rs. 40,705 giving an average value of Rs. 2 per toii' for the rest 
of India. The high value of the kaolin from Bihar and Orissa is 
due to the cost of the levigation processes to which the clay is sub- 
jected before being sold for paper filling, soap making, paint mixing 
and other of the more refined uses for which it can be utilised. The 
steady advance made by the Bihar and Orissa China clay has also 
been brought out. A production of 2,749 tons in 1924, steadily 
increased to a maximum of 10,468 tons in 1927, only to fall in 1928 
to 7,186 tons. This decline is, however, only apparent as the large 
total produced in 1927 w'as due to over-production to accumulate 
stocks, to tide the producers over the monsoon periods, when the 
quarries are flooded and no refining can be carried out. 

In Table 123 will be found the imports of China clay into India 
by provinces. The advance of the Bihur and Orissa industry is 
reflected in the decrease in imports of China clay into Bengal since 
1925-26. Up to 1926-27, the imports of China clay into India steadily 
advanced but the year 1927-28, shows a decline of 43 tons. This 
decline is very small but may, if the Indian producers keep up the 
quality of the refined product, be the harbinger of a greater decline in 
the future when, there seems little doubt, the Bihar and Orissa China 
clay will completely oust the Cornish clay for all purposes in the 
Bengal market. 

Fullers’ earth is obtained at Katni in the Jubbulpore district 
of the Central Provinces where it occurs in the Lower Vindhyan 
series. A form of Fullers’ earth is also worked 

Fullers Earth. ^ states of Bikaner and Jaisalmer in 

Rajputana ; this and other varieties are eaten in various parts of 
India. A steady supply has been derived from Rajputana and 
Mysore during the period under review but the Jubbulpore output 
has only been sporadic. 

In Table 124 will be found the production of Fullers’ earth in 
India for the quinquennium under review. The average annual pro- 
duction is 3,169 tons valued at Rs. 21,706 and shows a marked 
decrease over the figure for the previous ' quinquennium, which 
was 9,685 tons valued at Rs. 24,640. Mysore produced an 
increased tonnage of 937 tons but the Rajputana states, the 
iriain producers, show a decrease in production of 7,234 tons. 



Table VlZ.—Im^mls of China Clay into India during the years 1923-24 to 1927-28. 
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TOTAL . j U,B9,98$ 22.472 j 13,93,722 22,082 lS,iO 171 25,733 20 01 643 | 2^iJ90 IS.59,929 23.218 r, 95, 213 
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The imports of materials coming under this section — namely 
earthenware and porcelain, earthenware piping, bricks and tiles and 
Imports. shown in T«able 125 from which it 

will be seen that they increased up to 1926-27, 
but correspondingly decreased during the remainder of the period. 
The average annual value of these imports was Ks. 1,04,51 .34. *1 as 
compared with Rs. 1,18,48,759 during the preceding five years, a 
decline of just over 8 per cent, but one which is likely to be conti- 
nuous in the future. 


Table 125. Value of imports into India of Olay and Clay Protfiicts 
during the years 1924-25 to 1928-29, 


Year. 

Karthon- 
ware and 
porcelain. 

Karthon- 

waro 

piping. 

Bricks 

and 

tilcB. 

Clay. 

Total 

annual 

imports. 

1924-26 . 

Rb. 

72,28,495 

Rs. 

2,68,723 

Rfl. 

24,50,807 

Rs. 

79,619 

Rs. 

1,00,26,644 

1926-20 . 

73,61,264 

2,93,411 

27,42,849 

69,110 

1,04,56,634 

1926-27 , 

81,78,763 

1,03,368 

28,78,146 

00,170 

1,12,50,427 

1927-28 , 

80,20,274 

60,696 

26,97,850 

83,080 

1,07,51,800 

1928-29 . 

72,66,691 

53,703 

23,82,122 

79,796 

97,71,212 

Average 

7e,06,875 

1,51,958 

1 

26,72,155 

8f,855 

1,04,51,343 


As the average value of the exports and re-exports of clay and 
clay products during the period has amounted oidy to Rs. 7,80,318, 
tlie total Indijin consumption of such produ ds exceeds the internal 
])roflucti()n ])y Rs. 96,71,025 indicating considerable scope for the 
development in the country of industries making use of clay. 

Cobalt. 

[E. H. Pascob.] 

Cobaltite, a sulph-arsenide of cobalt, and danaite, a cobaltiferous 
arsenopyrite, have been found as minute crystals disseminated 
amongst the slates of the Aravalli scries at Khetri^ and other places 

190-106 (1887) ; Bee ftlso A. M. tteroiv; op. eit., 
XLIV, p. 19 (1914). ^ 


2 o2 
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in Kajputaiia. These ores have been used for the manufacture of 
various sulphates. The minerals were formerly separated for the 
production of sehta, which is used by the Indian jewellers for pro- 
ducing a cobalt-blue enamel. The sulphide of cobalt, linnseite 
(Co;,S 4 ), has been identified in the Geological Survey laboratory 
amongst some ores of copper sent a few years ago from Sikkim by 
Colonel Newcomen. Some years ago specimens of a matte contain- 
ing 11 to 14 per cent, of cobalt, the rest being iron and sulphur, 
were received in the Geological Survey Office from Nepal, but no 
details as to the mode of occurrence have ever been forthcoming ; 
ihc* matte is reported to have come from Kachipatar Argah, zillah 
Sowrobhar, about 80 miles north of Doolha.^ Small quantities of 
cobalt and nickel are frequently detected. in the Indian njanganese 
ores ; the best sample is the cobaltifcrous wad of Olatura in the 
Kalaliandi state, a specimen of which yielded 0 82 per cent, of 
cobalt oxide (CoO). 

Since 1927, there has been a regular production of nickel speiss 
as a by-product in the smelting operations of the Burma Corporation, 
Limited, at Namtu in the Northern Shan States of Burma. This 
speiss, which in 1927 amounted to 1.032 tons and in 1928 to 2,933 
tons, contains from 3 to 4 per cent, of cobalt, and is shipped to 
Hamburg for further treatment {See Nickel), 


Corundum. 

|H. H. Pascoe.J 

The use of abrasives in manufacturing communities is still on 
the increase, and new artificial forms arc frequently being put on 
the market. Emery formerly served most requirements, until purer 
forms of corundum were discovered in quantity. The cheaper forms 
of garnet have long been used to adulterate emery, and members of 
the spinel family, such as hercynite, have been used inadvertently 
as such* During the last thirty-five years carborundum, manu- 
factuied by the cheap electrical power developed in America, has 
come into use, the production of the United States having now 
reached an average figure of over 20,000 short tons a year. Artificial 
forms of corundum are being manufactured from bauxite and the 

» R J. Jones; Rcc. Oeol Surv. Ud., XXII, p. 172 (1889). 
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use of artificial aluminous abrasives continues to grow ; the annuaZ 
output of artificial alumina in the United States has, on two or three 
occasions, exceeded 60,000 short tons. 

Crushed steel is being used to a steadily increasing extent. 


Table 126. — Production of Corundum in India during the years 1924 

to 1928. 




(rt) Not avaUablo. 


Natural corundum has thus several competitors in the market of 
abrasive materials, and as a large portion of tlie alumina in igneous 
magmas is necessarily tised up during the processes of consolidation 
by the silica and bases present, it is theoretically unlikely that the 
free oxide can exist anywhere in an abundance comparabhi to the 
vast quantities of combined alumina in the earth’s crust. In most 
cases the corundum is scattered as isolated crystals through the 
rock, and only the most economical devices for its separation r.an 
make mining remunerative. Manufactured abrasives shew a general 
superiority over natural corundum, and the outlook for the latter 
industry is not encouraging. 

In India, where the use of corundum by. the old saikidgar (ar- 
mourer) and lapidary has been known for many generations, the 
requirements of the country have been met by a few comparatively 
rich deposits, but it is doubtful if these are worth working for export 
in the face of the competition referred to above in Europe and 
America, or will even stand against the importation of cheap abra- 
sives. 
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Tliere is fltill, and for many generations has been, a certain 
trade in Indian corundum, but the returns for production are mani- 
festly incomplete. No workings exist of the kind that could be 
ordinarily described as mining, but attempts have been made at 
times to increase the scale of operations at Palakod and Paparapatti 
in the Salem district of Madras, near Hunsur in Mysore, and in 
South Rewah. 

The occurrence near Pipra in Rewah State was worked some 
years ago by Indian traders of Mirzapur. A peak production of 
1,860 cwts. was obtained in 1913, but the sup- 
* average of nearly 400 cwts. 

during 1914-18. In'^1919, it again rose to 1,471 cwts. followed by 
882 cwts. in the following year, but the mines have not been worked 
since 1920. Small quantities of corundum were produced in the 
Bhandara district of the Central Provinces in 1926, 1926 and 1927 
(see Table 126). Of the production of corundum recorded from the 
Madras Presidency, 211 cwts. from Coimbatore and 478 cwts. from 
Trichonopoly made up the supply for 1914, but throughout the re- 
mainder of the period (1915-18) the whole of the output, averaging 
31^ cwts. annually, camo from South Kanara. During the quinquen- 
nium 191 9' 23, there was no output from Madras. In 1926, 
1927 and 1928 small outputs were reported from the Salem district 
(see Table 120). 

Corundum is very widely distributed throughout the Mysore 
State and is said to occur in every district except Shimoga. In 1914, 
the output came from Kolar, in 1916, from Kolar (76 cwts.) and 
Tumkur (843 cwts.), and in 1916, from the Mysore district. The 
average annual production during the quinquennium 1914-18, was 
523 cwts. valued at Rs. 1,560 ; there has been no recorded output 
for the past ten years. 

Much of the corundum, which is a regular item of trade in the 
bazars of cities like Delhi, Agra, and Jaipur, where the Indian lapi- 
dary still flourishes, is collected in a casual way by agriculturists 
and cowherds, who dispose of it through the village bania to the 
larger dealers of the great cities. Our information as to the mode 
of occuiTence and distribution of the mineral was summarised in a 
special memoir published by the Geological Survey in 1898. 

The production of * corundum with sapphire patches ’ in Kash- 
ir State amounted to 1*6 cwts, in 1926, 11 cwts. in 1927 and 1 cwt. 
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in 11^28, Tlic uiinea are situated near Siimjaiu (Sum«am) in the 
Udhampur district, Jainniu rroviuce, and are under the direct 
control ol the Mineral Survey Department of the State. The mines 
have not yet been regularly worked, rroduction is also reported 
from Mabbubnagar, Uulbarga, and Nalgonda in Hydei'abad. 

Corundum {inawshmrut) is known to occur at three localities in 

the Nongstoin State in the north-west Khasi hills, but much of 

the material obtained in this province in recent 
Khasi Hills. . i. i -it m, / x 

years is now known to be siiliinamte (q. v.). 

The localities have, so far, proved to be too diilieult of access for the 

exploitation of either mineral on a large scale, but corunduip is 

worked in small quantities and used all over tlie Khasi hills for 

hones.^ The reported output of corundum from the Khasi hills 

was 12,GG0 cwts. in 1919, 3,320 cwts. in 1920, and 1,277 'G cwts. in 

1921, but it is not known what proportion of this was sillimanite. 

Ko production of corundum is reported for the last seven 


years. 

0cm varieties of corundum are treated under ‘ Gem-stoiies\ 
The chief producers of corundum and emery used to be Canada, 


Turkey and Greece, Canada supplying corundum, and Turkey and 


Canadian curunduni. 


Greece emery. The Canadian corundum is 
found in Ontario in association with nepheline- 


syenite like that near Kangayam in the Coiijd)atorc district." Dy 
the adoption of mechanical means for concentration it became 
possible to separate corundum from the [elspar-rock in wliich it was 
embedded, and to put a product on the market, not only for local 
use, but for export to the United States and Kurope. The Canadian 
industry commenced in 1900, and the annual production for the five 
years 1914-18 averaged 240 tons valued at i:G,876, an output wliich 
was less than one-sixth of what it had been before the war. The 


production of corundum in Canada ceased after the War, the last 
shipments to the United States, which are the largest consumer of 
the material, having been made in 1921. The principal source 
of supply for the United States to-day is the Zoutpansberg district 
of the Transvaal where the mineral occurs mainly as loose crystals 


in shallow eluvial deposits. In 192G, the Transvaal furnished nearly 


6,000 short tons of corundum. 


F. E. Jackson; liec. GeoL. hid,, XXXVl, (1908). 

a T. H. Holland ; ‘ The 8ivaiualtti sorios ol Ela5olito- and Corurnlum-Syonitos/ if em 
QtoL Surv, lnd.t XXX, pt. 8 (1901). 
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Pluor>spar. 

[E. H. Pascoe.] 

Fluor-spar has been obtained at Barla in the Kishangarh state, 
Rajputana, but the work of excavation was abandoned under a 
mistaken impression that the mineral was an inferior form of ame- 
thyst. Apparently the mineral here forms, with calcite and quartz, 
a vein about a foot in thickness traversing gneiss. This occur- 
rence was investigated by the Tata Iron and Steel Company, who 
report that very little fluor-spar was present, and that the cost of 
working it would exceed that at which they are able to purchase it 
from Europe ; their imports of fluor-spar for use as a flux in the 
manufacture of steel during the five years under review were as 
follows : — 


1924 

1925 
1920 

1927 

1928 


Tons, 

302 

880 

723 

1,090 

1,758 


Imports during the previous period averaged 500 tons a year. 

Fluor-spar lias also been found as small crystals in a dyke of 
quartz-porphyry near the copper-ore lodes of Slcemanabad, Jubbul- 
pore district^ ; another occurrence in the Central Provinces is known 
at Ciiicholi in the Drug district, where fluor-spar accompanies galena 
and copper carbonate in a quartz vein traversing gneiss. “ Other 
localities recorded for the mineral are : near Rewah^ in one of the 
Vindhyan limestones ; in the granitic veins of the Sutlej valley, 
North-West Himalaya^; and in limestone in the Amherst district, 
Burma. Fluorite was found associated with orpiinent and realgar 
at Mirgasht Gol in the Tirich valley, Chitral. It has also been 
observed in a joint of Coal Measure shale adjoining a decomposed 
dolerito dyke in the neighbourhood of Rawanwara, Chhindwara 
district, Central Provinces. No indication of large deposits has been 
noticed at any of the localities. 


Garnet. 

(See * Gem-stones of lesser importance ’.) 


* L. Ti. Fermor ; JRec, Oeol Surv. Ind., XXXIII, p. 63 (1906). 

* W. T. BUnford ; 7Wd., Ill, p. 44 (1870). 

■ F. R. Malldb; Mem. Oeol. Surv. Ind., VII, p. 122 (1871). 

* F. R. MaPM j Ibid., V, p. 160 (1866). 
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Gem “Stones of lesser importance. 

[E. II. Pascoe.J 

The most valuable of the precious stones raised in India is un- 
doiibtedly the ruby, l)\it this and the other stones obtained in the 
country do not ap]>roa(*h in value the unset stones and pearls im- 
ported, which, during ilic period under review, had an average 
anmial value of Its. J ,19,02, (compared with Ks. 1,17,44,719 
during the previous quinquennium). 

Of the precious and seiniquecious stones in India, the most ^im- 
portant, amber, diamond, jadeite, ruby, sapphire, and spinel, liave 
been already referred to. Of the others, tlie only ones that are 
of immediate concern are agate, rock-crystal, beryl, garnet, tour- 
maline, and turquoise. All of these except the last have been or 
are still being worked to sonic extent in India ; the turquoise may be 
dismissed with the m(*re mention of tlie fact tliat India, besides 
being a large importer for local use, is one of the channels by whicli 
the material raised in Persia and adjoining areas reaches the European 
and Eastern market. Tlie other minerals — with some other Indian 
stones at present used very little or not at all— deserve more jiarti- 
cular mention. 

Up to about a dozen years ago there luid been a considerable trade 
in agate and the related forms of siliiui, carnelian, onyx, ete.., known 
under the general name of and obtained 

from the amygdaloid al flows of the J)eecan 
trap. 'Phe best known and most important of the places at which 
agate and carnelians have been cut. and pr<‘pared for the market is 
Cambay, the chief city of the sta.t(\ of that name under tlu* Kaira 
Political Agency, Bombay Presidency. The agJiies iome from va- 
rious states and disirict.s on or near the edg»? of tiie trap, the chief 
sources of supidy being the Kistna, Goilavari, Bhima, Narbada and 
other rivers draining trap-covered areas. A large ])roportioii of the 
pebbles comes from the stale of Kajpipla, An ac(*(miit of the 
Uajpipla agate industry has been given by Mr. P. N. Bose.i The 
agates occur in a conglomerate of probably Pliocene age, and have 
been worked chiefly at llatanpur and Damlai. The stones are 
chipped at the mines, and those approved of taken to Limodra, 
where they are baked. The baked stones are sent to Cambay for 


1 iiec. Oeol Snrv. Ind., XXXYIl, pp. 170—182 (1008). 
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cutting and polishing. The Rajpipla hakik mines are leased for 
})eriods of five years at a fixed annual rental or royalty. Tliis was 
Rs. P>,0()0 a year for the period 1902-06. No precise data as to the 
value of the stones sent to Cambay are available. The Rajxnpla 
mines have not been worked since 1917. A certain amount of 
agate-cutting is also carried on at Jubbulpore in the Central Pro- 
vinces, at Banda in the United Provinces, and at a few other places 
within range of the Deccan trap. Much of the agate retailed in 
Europe is sent from Cambay, and large quantities are also exported 
to China from that city. 

Various forms of quartz— rock-crystal, amethyst, etc. — are used 
by jewellers in various parts of India. 

In the Tanjore district, Madras Presidency, fragments of rock- 
crystal are collected and cut for cheap jewellery, being known as 
Ro'kcrstal ‘Vallum diamonds', whilst the bipyrarnidal 

quartz-crystals, found in the gypsum of the 
salt-marl near Kalabagh and Mari, on the Indus, are to a certain 
extent used for making necklaces ; these crystals are sometimes 
known as * Mari diamonds Rock-crystal is similarly used for 
cheap jewellery in Kashmir. Fine pieces of rock-crystal are some- 
times cut into cups, sword handles, and sacred objects, such as lin- 
gamSi in Northern India. An exceiJtionally fine crystal of trans- 
parent quartz came to light in Burma in 1925. A ball, 30 inches 
in diameter and 130 lbs. in weight, was cut from the mass in China, 
polished in Japan and found its way to the United States National 
Museum at Washington. The crystal is presumed to have come 
from the Sakangyi area near Mogok. 

Small amethysts, usually of uneven colour, are obtained at many 
places from Deccan trap geodes, e,g., in the bed of the Narbada 
Amethyst anJ rose" near Jubbulpore, and used for jewellery and 
fl“®*'*** beads. Amethyst is common in the Sutlej valley 

in Bashahr, Punjab^. Rose-quartz is found in the Chhindwara 
district, at Warangal in Hyderabad and in other places'^ ; it is 
used in cheap jewellery. 

Green apatite derived from pegmatites in Ajmer in Rajputana is 
sometimes out into gem-stones, and a considerable quantity of 
Apatite apatite of a rich sea-green colour has been 

found at Devada, Yizagapatam district, 


Apatite. 


* H. H. Hayden ; Mem. OeoL Surv, Ind., XXX VI, p. 102 (1904). 

• L. L. Fonnor j Md^ XXXVII, p. 212 (1009). 
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Maclraa, derived probably from a pcgmatitic variety of kodiirite.^ 
Crystals of a beautiful blue colour arc occasionally found in tlie 
gravels of the Mogok iluby mines. 

Beryl in its pale-coloured varieties is of common occurreuce in 
the granite-pegmatites of India, but the crystals arc generally too 
much lissured for use as gein-stoues. Occa- 
sionally in the pegmatite veins, which are 
worked for mica in Bihar and in Nellore, large crystals of beryl, many 
inches across, are found to include clear fragments which might be 
cut as aquamarines ; but the only places in India where attempts 
have been made to excavate pegmatite solely for its aquamarines 
are at Padyur (Pabtala) near Ivangayam, Coimbatore district, where 
they accompany the mijieral clevelandite, at dilferent places in the 
Toda hills in Rajputana, and in the Skardu tchsil of Kashmir. 
Stones of considerable value were obtained from the mine which 
was worked at Padyur in the early part of the nineteenth century ; 
a pit some 30-40 feet in depth is still in existence, but no one seems 
to have taken an interest in the place since Mr. J. M. Heath held 
a lease in 1818. The whole area is impregnated with igneous intru- 
sions and deserves more attention than it has so far received. 

An output of 1,203 carats of beryl valued at Rs. Ob was reported 
from Ajmer-Merwara in Rajputaua in 1023. At Sagar near Satwar 
m the Kishangarh t>tate, Rajputana, aquamaiiaes occur in mica- 
bearing pegmatites. 

The occurrences in Kashmir have proved to be of considerable 
importance and a paper by Messes. C. S. Middlemiss and Lala Joti 
Parshad has already appeared in the Records of this depart men t.^ 
The principal source of the stones is the immediate neighbourhood 
of Uaso village, but evidence has been obtamed to shew that beryls 
and aquamarines occur further away up the Braldu and Basha 
valleys and also in the Rondu neighbourhood. -The gems are found 
in veins of coarse pegmatite traversing foliated biotite-gneiss. They 
do not, as a rule, shew great depth of colour but the tint is delicate 
and limpid. In 1915, 3-75 ewts. of beryl of varying quality were 
obtamed in ISkardu ; the total value is not known but Calcutta and 
Lucknow jewellers offered from one to four annas a raii for clear 
transparent crystals, in 1916, the supply increased to 4* 13 cwts. 
In the dull state of the market for precious and semi-precious stones 

‘ QtnL iiiirv, hid,, XXXVIl, p. 200 (1000). 

^ Hue, Geol. iSarv. hid,, Vol. XUX, pp. 101-172 (1W9). 
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it was impossible to form any precise idea of the value of this 3 deld, 
but it was said to be several thousands of rupees ; transparent 
varieties fetched from 2^ to 4 annas a rati. In 1917, a test experi- 
ment with 20 workmen during 10 days yielded : — A-1 quality, 7,888 
carats ; 1st quality, small, 7,540 carats ; and 2nd quality, large, 10,440 
carats ; the total value being close on £300. The deposits have as 
yet been only superficially opened up, and a long life for these mines 
is anticipated. During the past quinquennium the only outputs 
reported are 20 lbs. in 1920, and 55 lbs. in 1921, 

Platy crystals of chrysoberyl have been found in the corundum- 
bearing felspar-veins near Kangayam in the Coimbatore district, 
associated with nepheline syenites, but the 
crystals are too highly flawed to be suitable for 
gems. Yellow crystals, transparent and of good quality, are said 
to occur with mica and aquamarine in pegmatite veins at Govind- 
sagar, Kishangarh State, Rajputana. 

Garnets have been worked to some extent in India from the 
mica-schists of Rajmahal in Jaipur State, at Shahpura in Udaipur 
State, in the Sarwar district of Kishangarh 
State, and in the district of Ajmer-Merwara, 
all these localities being within a relatively small distance of each 
other. Returns have not been available to show the condition of 
the industry in the Jaipur state, but the statistics obtained in the 
past indicated the existence of a considerable industry in the other 
areas. All these mines were closed during the five years 1924-28. 
The Kishangarh garnets are stated to be the finest in India, 

It is convenient to record here a deposit of massive garnet, 
which might be useful for abrasive purposes, noted by Dr. Heron 
in 1924, at Sarsiri, a village in Ajmer, 5 miles from Mangliawas 
railway station, and 16 miles south of Ajmer Junction. The country 
rock is a dense, tough, dark-green, banded granulite interbanded 
with white crystalline limestones. The garnet is reddish brown, and 
forms some 15 irregular bands more than a foot in thickness with 
innumerable smaller lenticles and vein-like bodies. The largest band 
north of Sarsiri is from 6 to 12 feet wide, forms an outcrop 16 feet 


high in places, and can be traced running vertically along the strike 
for about 300 yards. This band is not solid garnet from wall to 
wall, but includes streaks of quartz, calcite, a green ferro-magnesian 
mineral and country rock; garnet, however, forms roughly four- 
fifths of the whole. Dozens of loose blocks, 2 or 3 feet across, of 
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almost pure garnet are strewn along the outcrops of the chief 
bands. Sarsiri is connected with Mangliawas station by a seiui- 
mctalled road over a flat country, and ample labour is availa))le 
from large villages near at hand. 

The garnets worked in India belong to the alnunulite variety, 
and have a purple colour. Stones of large size were obtained and 
their cutting for the market formed an important industry in Jaipur 
and Delhi. Garnets of small size but rich colour are very plentiful 
in the sands of the Travaiicore coast. 

Garnets are also found in other parts of India, as in the Tinnc- 
velly district, Madras,^ which produced about 1,000 tons of garnet 
sand for abrasives pur])oses in 1914; the workings, however, were 
closed down the following year, and remained so till 1927, during 
which some 285 tons were recovered ; in 1928, 480 tons were collected. 
During the previous quinquennium 558 cwt. of stones were collected 
at Khammamet in the Warangal district of Madras and exported to 
Europe. Attention may be drawn to the fact that the manganese 
garnet, spessartite, so charactcriRtic of tlie gonditic rocks of the 
Central Provinces, is in America sometimes usexi as a gem. The 
Indian variety varies from a beautiful bright orange to red-hrown, 
but has not yet been found sufliciently free from flaws to be of use 
as a gem.*-* Garnets are widely developed in the banded gneiss, 
schist and granite of Chitral ; many of the stones are of pleasing 
colour but are usually too flawed to be of value as gem* stones. 

A large portion of the high ground between Afghanistan 
(Kafiristan and Wakhan) and Chitral is composed of garnetiferous 
and chiastolite-bearing sc^hists with large masses of granitic intru- 
sions. These intrusions are variable in size and mode of occurrence, 
and are usually fine-grained. In one of die coarser varieties at 
Sirwigh-o-gaz (12,000 feet), a summer grazing ground on the road 
from the Liitkuh to the Arkari, beryls were obs(*Tved by Mr. Tipper 
in 1922. A few stones of poor quality, white and badly flawed, were 
seen in situ, but in the sandy debris below the rock good hexagonal 
crystals were found in considerable quantities ; the latter are of 
pleasing colour, but the majority are somewhat badly cracked and 
contain lines of inolusions parallel to the basal cleavage. Some of 
the specimens were almost of gem quality, and the locality was 
thought to be worth further prospecting. 

^ L. L, Furmor; ifec. Geol. ^urv, Ind., XXXIII, p. 234 (lUOS). 

* It, L. Fermor ; Mem, Geol, l^urv lnd.% XXX VIX, p. 004 (1900). 
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Hyfliite. 


lolite. 


An output of 12*6 cwts. of hyalite; a colour- 
less variety of opal, valued at Rs. 6,282, was 
reported from Katha in Burma, in 1923, but none was found during 
the quinquennium under review. 

Cordierite or iolite, a mineral exhibiting striking pleochroism, is 
found in the gem gravels of Ceylon, and cut as a gem under the 
name of lynx-sapphire and water-sapphire. A 
polished and roughly engraved piece of iolite 
found in some excavations at Budh Gaya, and showing strong 
pleochroism, deep violet to nearly colourless, has long been in the 
Indfan Museum but no locality for the mineral was known. ^ It 
has now been found at two localities, namely, in complex rocks 
composed of sillimanite, hypersthene and biotite, in the Vizaga- 
])atam Ilill-tracts,^ and in the Kada\uir licwindnry^ Trichinopoly 
district, Madras, where Mr. P. N. Bose reports its occurrence in 
al)undance near XJdaiyapatti and Kiranur associated wdth labra- 
dorite and mica-schist. There are ancient pits dug apparently for 
this mineral. 

Kyanite is found at many localities in the Archaean formations 
of India and is occasionally used as a gem-stone on account of the 
fine blue colour it sometimes displays."^ An 
authenticated locality for gem kyanite is Nar- 
naul, Patiala State. The jewellers at Patiala call it bnij, and used 
to say that it sold at Rs. 3 to Rs. 5 per tola, a rate equivalent to 10s. 
to Ids. Sd, per ounce."^ Kyanite is also plentiful in Kanaur and 
Bashahr in the Punjab Himalaya® where it has often been mistaken 
for sapphire. 

Rhodonite, a manganese-pyroxene, is used abroad [e.q., in the 
Urals) as a gem, and cut into all kinds of ornamental objects. It 
is found at many localities in India associated 
with manganese-ore deposits, and although 
none of it has yet been used for ornamental purposes, suitable mate- 
rial for the manufacture of small objects could be obtained at several 
of the mines.® 


Rhodonite. 


' V. Uall ; Proc. As. Soc. Bevg,, 1881, p. 89. 

2 'r. L. Walker ; Rec. Qeol Rurv, Ind„ XXXVI. p, 13 (1908). 

» M. Bauer and L. J. Spencer; ‘ Preoious Stones.’ p. 415 (1904). 
* P. N. Bose; Per. GeoL Surv, Ind., XXXITI, p. 69 (1906). 

MI. H. Havdon ; Mem. Qeol. Rurv. Ind., XXXVI, p. 102 (1904). 
» U J.. Ferinor ; XXXVH, pp. 144-604 (1909), 
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Tourmaline. 


The beautiful red tourmaline known as rubellite is worked on a 
small scale in the Ruby Mines district of Tipper Burma. The pro- 
duction during the four years 1904 to 1907. 
averaged 101 lbs. valued at £750. Since then 
no figures have been received. 

An interesting report was publi.shed in 1908. by Mr. E. C. S. 
George, Deputy Commissioner of tlie district,^ on the workings for 
tourmaline round the small Palaung hamlet of Sanka about a mile 
east of Maingnin, wln^re 0 ])erations were carried on by the Chinese, 
according to local tradition, some 150 oi 200 years ago. Mr. OcQrge 
states that after the Chinese deserted the area, the Kachins reopened 
the mines, but the industry was again interrupted until about 1885, 
when more systematic operations were commenced under Pu Seinda, 
who contracted to conduct all mining operations until 1895. The 
Mong-Mit (Momeit) stone-tract was afterwards notiHed by Govern- 
ment and regular licenses were taken up in 1890. During the years 
1903 to 1905, the amounts recovered from ‘ tourmaline licenses,’ the 
rate being Rs. 2 per worker per month, were Rs. 2,000 (£133) to 
Rs. 3,000 (£200) each year ; since then they must have fallen 
oil. 


The tourmaline is found in soft, decomposed granite-veins, which, 
being generally covered by a thick deposit of jungle-clad soil, are 
found rather by accident than through the guidance of any super- 
ficial indications. Isolated crystals are found occasionally lying in 
the red soil, and men with small means sometimes find it profitable, 
when they have leisure, to search through the soil-cap by digging 
shallow ])its. Twwlons or vertical shafts, about 4 to 5 foot square, 
are also put down on the chance of striking a tourmaline-bearing 
vein, or hfaiv, Jind the owners of these fmnlovfi are permitted to 
extend their workings underground to a radius of five fathoms from 
the eeutre of each shaft. Some of the workings extend to depths 
of about 100 feet, which appears to be about the limit of the miners’ 
engineering skill. The tourmaline found is sorted into three classes : 
(1) nhtet yay, the best light-pink rubellite, of which there are two 
kinds, kteik ti, showing well-developed basal planes, and he yan, 
crystals terminated by rhombohedral faces, or with only a small 
development of the basal plane ; (2) akht, of a darker colour, with 
the lower part of the crystals brown or black in colour ; (3) sinzi 


* Rfj\ QeoL Svrv, 7nd,, XXXVI, pp. 233-23S (lOOR), 
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or arnyi, all fragmentary crystals of any colour which, are imper- 
fect, or of a small size, less than about an inch. The sinzi is given 
without charge to the buyer of the lots of the two better kinds. 
Tfie best kind, ahtei yay, may bring as much as Rs. 1,200 to Rs. 1,500 
a viss (3*65 lbs.). The myaw system, or exposure of the veins on 
the hill-side by hydraulic action, has also been attempted at two 
localities with uncertain results : this w'ork is limited to the Rains 
and is Jiandicapped by the cost of leading the water-channels for 
long distances. All locally made jmrchases are effected by brokers, 
usually Shans or Shan Burmans. They in turn sell at Mandalay 
to purchasers for the Chinese market. 

In 1900, 7 stones weighing 63*8 ratis or 37*5 carats, valued at 
£26, wore found in the Northern Shan States. 

A beautiful green tourmaline with a crystalline limestone matrix 
is worked in a small way at Namon near the Salween river in the 
Southern Shan States. Green and blue varieties occur in the peg- 
matites of some parts of the mica-mining area of the Hazaribagh 
district, but the stones are not worth the cost of extraction. 

Green tourmalines are also found at the Sapphire Mines area of 
Zanskar in Kashmir. 

The mineral zircon is known in various parts of India, and 
where it occurs in the nephcline-syenite series near Kangayam in 
the Coimbatore district, it is picked up in 
small quantities and passed into the market 
as corundum ; it is, however, nowhere found sufficiently transparent 
and flawless to be used as a gem. Similar material is met with in 
Travancore {Sec page 111). 


Glass-making materials. 

[ G. V. Hobson.] 

As a result of the need created by the war of 1914-18 many 
countries, India included, developed their own glass-making re 


^ At I rati «1J grams troy»»0*692 carat. 
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sources. Tn 1919 it was estimated^, on general grounds, that the 
glassware nuide in India was roughly one-fourth of the value ol 
imported glassware. In the last quinquennial period before the 
war, 1909-13, three glass works were reported in operation; in 19iil, 
there were no less than 32 firms engaged in the manufacture of 
glassware in India. At the beginning of the period under review 
the number was 17, and at the end of the quinquennium this number 
had only dropped to 16 (see Tliacker’s Indian Directory, 1929). It 
was inevitable that on account of severe competition, due to the 
influx of new enterprises into the glassware industry, many firms 
would be unable to avoid closing down. It appears from the above 
figures that the period of stabilisation, with the elimination of 
mushroom ontery^riscs launched without sufiicient financial or techni- 
cal stamina, has now drawn to a close. There appears to be no 
reason why the Indian glass-making industry should not now prosper 
and gradually expand as a greater hold is established upon the local 
demand for the better finished class of goods, as well as on the demand 
for coloured and bottle glasses. The value of the potential market 
may b(^ gathered from the table (Table 127) showing the value 
of glassware imported into India during the past quinquennium. 

An indigenous glass-making industry calls for a local source of 
supply of the raw materials required and of these by far the most 

w materials silica sand. The action of the sand is 

purely chemical and usually the only useful consti- 
tuent is silica so that the content of other materials should be as low 
ns ymssible. Rilica is a poor conductor of heat so that the silica 
y)articlcs must be small in oyder that the glass-making process may 
not be unduly prolonged. Chemical reaction proceeds at a rate 
closely connected with the contact between the reacting particles 
so again small particles are necessary for the rapid production 
of glass. ‘Furthefmore, large grains may remain undissolved in the 
resulting glass forming ‘ seeds ’ or ‘ stones’. Fineness of the parti- 
cles is, however, limited by the cost of fine grinding and the 
danger of drawing the material out of the furnace by the draught 
and "thereby disturbing the composition of the batch. Also the 
fines usually contain must of the impurities and washing-out the 
finest material may raise the grade of the sand. Very fine sand 
particles may remain in the glass instead of settling during the 

^ laduBtrial Handbook, Inclian Mmutioqa Board. p« 265. 

2 P 
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‘ fining * process thereby giving a turbid glass. Limits qf grain size 
for normal work may be taken as from 0*026 in. to 0*006' in. in dia- 
meter ; but whatever limits are chosen it is desirable that all grains 
should be as uniform in size as possible. In the case of the Fon- 
tainbleau sand 79*6 per cent, consists of particles between 0 009 
and 0*012 in. in diameter. 

The sand may be a fine natural sand or may be got by crushing 
sandstone, quartzite, or other silica rock. Geyserite cr siliceous 
sinter from deposits round hot springs has been used. European 
sands with a high silica content such as those from Fontainbleau 
(99*9' per cent, silica), Lippc (99*8 percent, silica), Ashdown, Tun- 
bridge "Wells, and Aylesbury (99*6 to 99*8 per cent, silica), or the 
American sand from Berkeley Springs (99*66 per cent, silica) may 
be used for optical, crystal, and plate glass. For common ware — 
window glass, bottle glass, etc.,— the silica percentage need not be so 
high. 

Sands of a degree of purity requisite for glass-making occur in 
several places in India. At Mangal Hat and Patraghatta, in the 
Ilajmahal hills, there occTir white Damuda sandstones which after 
crushing, washing, and sieving yield sand from which ordinary 
quality glass can be made. The presence of kaolin in this sand 
api)ears to be the cause of an infusible scum that forms on the top 
of the melt with the clear metal below ; this scum would debar the 
use of the sand in pot furnaces, but would not be so serious in a tank 
furnace where the scum could be skimmed off. From Loghra and 
Borgarh (Naini) near Allahabad a suitable sand is obtained by 
crushing and grading a Vindhyan quartzite. Good quality sands 
can be obtained from Tertiary sandstone at Sankheda and from the 
Sabarmati river sand at Pedhamli, both in Baroda State. Sands of 
suitable quality are also reported to occur at Jubbulpore in the 
Central Provinces. A grit^ occurs a mile south of Barodhia in 
Bundi State, Rajputana, which crumbles into a sand on the applica- 
tion of slight pressure and might be utilised for the purpose of 
glass manufacture, whilst the Infra-Trias limestones^ in the vicinity 
of Garhi Habib Ullah and Muzafiarabad are silicified in a peculiar 
way resulting in the accumulation of large masses of soft, granular, 
almost powdery silica that might be used for the same 
purpose. 


^ R4!C. Qed. Surv. /nd., LIX, p. dl (1926). 
•/WcI.,LXn,p.«8(l929), 
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Chemical analysis ef some Indian Sands^ 


— 

Patraghatta. 

Naini. 

Sankheda. 

Podliamli. 

Fontaiublea ii 
for oompar- 
ison. 



Per cent. 

Per cent. 

Por cent. 

Per cent. 

Per cent. 

SiOa 


9000 


98*96 

99*39 

08* 10 

99*80 

TiO, 




0*06 

007 

017 


A1,0, , 


M5 


0*39 

0*11 

0-84 

01^ 

Fe,Oa 


trace 


0*02 

004 

0*04 

0*000 

CaO 


traoo 


0*11 

016 

016 

trace 

MgO 


trace 


nil 

006 

0*07 

.. 

K^O 


't 


" 008 

nil 

nil 

1 

Na^O 


1 2-85 


0*02 

nil 

nil 

.. 

Loas on 


) 


, 0*36 

0*20 

0*63 

0*18 



100*00 

09*99 

100 01 

10000 

190110 

Mochanical ana- 
lysis — percentage 
over 0‘25 mm. 
and under 0*5 
mm. 


9M 

IQ-I 

06*4 



The sands obtainable from Loghra (Lohagara Hill) and Borgarh 
(Bargarh) arcs in actual use by glass-making firms at Bahjoi, Morad- 
abad district ; Talegaon Dabhade, Poona district ; Balawali, Bijiior 
district ; and near Allahabad. In addition sands from Jejon Doaba 
(Jaijon Doaba) in the Hoshiarpur district and from Sawai Madhopur 
in Jaipur State are used by certain firms. 

Amongst other raw materials used in glass manufacture mention 
may be made of sodium oxide either in the form of sodium carbonate 
(soda ash) or sodium sulphate (salt cake). The soda content in the 
i)atch mixtures in use in India is higher than the average. This 
high soda content will result in a glass of low melting point and thus 
one that is easy to work. Sodium sulphate is produced in India, 
as a by-product, in fairly large quantities. The soda ash used by 

^ Bull. Indian Ind. and Labour No. 29, p. 12. 
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many manufacturers in India is exclusively imported, and supplies 
are obtained from Imperial Chemical Industries, Ltd. Saltpetre has 
been collected for years in Bihar, the Punjab, and the United Pro- 
vinces and exported in large quantities from India. Glass-making 
firms obtain supplies of this ingredient from Jalesar district, Agra, 
Muttra, and Lahore. Calcium oxide is usually added in the form 
of the carbonate, limestone. Limestone of good quality occurs in 
various parts of India and is obtainable almost anywhere. Katni 
and Dehra Dun are two localities from which supplies for glass* 
making are obtained. ' 


Some batch mixtures in use in India. ^ 


MaterlaL 

D 

2 

8 

4 

6 

6 

B 

8 

0 

Sand 

100 

100 

100 

100 


100 

100 

100 

100 

Soda 

0 

60 

40 

2 


48 

88 

48*6 

68 

Lime . 

10 

10 

12 

20 


8 

16 

16 

12*6 

Saltpetre 

. . 

.. 

2 

.. 

4 

11*5 

2 

6 

10*6 

Cullet . 

•• 

•• 



60 

106 

•• 

•• 

•* 


Cullet is merely another name for broken or waste glass. 

Minor raw materials used in the industry include boric oxide 
used only for very special optical glass ; and one per cent, of borax 
greatly improves the resistance of lead tableware glass to corrosion 
by water. Tlie borax used by Indian glass-making firms is all 
imported either from Europe or Tibet ; it is brought down to 
the plains of India from Ladakh and Western Tibet, Various 
colouring agents are used of which the more important are pyrolusite 
an oxide of manganese, nickel oxide, selenium and salts of chromium. 
The first three are also used as decolorisers, the action depending on 
superposing one tinge of colour, due to impurities, with an equal 
depth of a complimentary colour. Manganese dioxide used by 
Indian manufacturers is largely obtained from the Central Provinces, 
though material of the requisite purity is also obtained in the Pani 
mine, Chhota Udepur State. 

There are certain raw materials consumed in the glass-making 
industry that are not included in the actual composition of the glass. 
These include refractory materials for the furnaces and most im- 

^ Xpdian Munitioiui Bosrd. ladqstirlsl Handbook, 1919, p. 268. 
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portant of all coal for firing the furnaces. The sources of these 
materials may bo seen by reference to the approi)riate section of this 
review and it may be mentioned in passing that the cost of fuel 
constitutes one of, if not the, greatest items in the industry and hence 
a cheap supply of fuel is of paramount importance. 

The choice of the raw materials for glass manufacture is a matter 
of great importance as the quality of the finished product depends 
very largely on the purity of the raw materials used. Suitable 
materials are available in India, so far as the major ingredients 
are concerned, and one of the most important considerations is that 
of the location of the factory so that these materials may be brought 
together with the minimum of expenditure on transport. 

The impurities that may be harmful in glass-making are mainly 
those that may be present in the sand used. Alumina may be 

Impurities useful in glass that has to withstand pressure and 

heat as in thermometers, ampules, gauge glasses, 
combustion tubing, etc., as it reduces the coelficient of expansion 
and increases the hardness, brilliancy, and tenacity. Its dis- 
advantages in glass manufacture are that (a) it decreases the fusibility 
(6) when present in excess of 3 per cent, it ai)preciably incrciascs the 
viscosity at working temperatures (c) glasses with alumina do not 
readily mix with others so that it cannot bo used for cullet (d) where 
salt cake is used and alumina is present there is a tendency to a 
slightly blue colour on account of the formation of an aluminium 
compound similar to ultramarine. If the alumina oocurs as musco- 
vite or clay it can be removed by washing the sand, but if it occurs 
as felspar it cannot be so removed. 

Iron compounds occur as films coating the quartz grains or in 
particles of ilmenite or magnetite. If no decoloriser is used 0 02 
per cent, or less of ferric oxide gives a colourless glass, the colour 
increasing to dark green with from 1 to 1'5 per cent. If decolorisers 
such as manganese dioxide, nickel oxide, or selenium can be used a 
higher proportion of iron is permissible. Magnesia is undesirable 
as it makes the glass viscous and * stringy’. Organic matter in the 
sand chars when the batch is heated causing black spots that are 
not easily burnt out. 

In addition to the manufacture of glass by modern methods there 
has, for a long time past, been an indigenous industry in the 
manufacture of the inferior varities of glass, used for making 
coloured bangles, from the impure sands of the rivers and the efflor- 
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escent alkali salts, known as reA, so common in many.p^^rts of India. 
In some cases there is a local industry in making bangles from lump 
glass bought from glass-making factories and melted up again for 
manufacture into bangles. 

The value of the imports of glass-ware during the period 1924-28, 
is shown in Table 127. It will be seen from this table that imports of 
glass bangles constitute the largest item under one heading, though 
there has been a considerable diminution in the value of imports 
under this head. It is possible that this drop in total value is due as 
much to falling prices as to any reduction of imports due to competi- 
tion from indigenous products. The average value of the glass-ware 
imports for the period 1914-18, was Rs. 1,30,80,795 and there was a 
very considerable increase during the next period 1919-23, when the 
average rose to Rs. 2,46,92,330. During the period under review, 
1924-28, the average was Rs. 2,66,03,950 marking only a slight 
increase over the previous period. As the returns relate to value 
it is probable that a portion of the natural increase in consumption 
has been masked by a fall in prices. Nevertheless the figures do 
suggest that much of the additional consumption of glassware 
each year is now supplied by local factories, for which no returns of 
output are available. B'rom the meagre evidence on the subject it 
appears that the glass-making firms now operating are firmly esta- 
blished and a gradual diminution in imports of glassware may be 
looked for in the future. The size of the potential market is evident 
from the figures quoted. 

Table 128 shows the country of origin of the imports excluding those 
on Government account. This table is particularly interesting when 
compared with the returns for 1919. In that year Japan supplied 
over 66 per cent, by value, of the total imports ; the United King- 
dom supplied almost 20 per cent, whilst Belgium, Austria Hungary, 
and Italy supplied between 1 and 2 per cent. each. These figures 
show the extent to which the Indian glassware trade, particularly 
in glass bangles and beads, had been captured, during the war, by 
Japan. Turning to the recent figures it is at once apparent that much 
of the old trade of Austria-Hungary has been recaptured so that 
now Austria and Czechoslovakia supply between 27 and 28 per cent, 
by value, of the imports and almost precisely this amount of the 
trade has been lost by Japan, which now supplies only 26^ per cent, 
by value, of the imports. The United Kingdom now supplies only 
10 * per cent, whilat Belgium supplies an equal amount and Italy 
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just under 3 per cent. Germany has also regained a hold on the 
Indian market and imports from this source now constitute 17 per 
cent, by value, of the whole. 


Table 127. — Value of imports of Glacis and Glasaware, 



1924 

1926 

1020 

1927 

1928 


Hs. 

Tla. 

Rg. 

Ra. 

Rs. 

BaiigloH .... 

95,33,673 

1,01,43.994 

03.97,463 

83,00,876 

79,98,066 

Bimdfl and false pearls . 

40,00,050 

34,76,501 

32,99,679 

24,05 720 

33,08,51 0 

Bottles and phials . 

.32,59 901 

80,38,217 

38,17,082 

36,62,104 

36,91,317 

Funnels, globes, and glass parts 
oflaiiipu .... 

17,07,505 

15,41,369 

17,00,193 

22,36,339 

18,70,408 

Sclontlflc glassware 

1 ,86,868 

2,46,003 

2,73,869 

1 1,78,104 

1,71,940 

Sheet and plate 

35.49,371 

26,79,294 

31,85,427 

29,40.026 

80,67,560 

'J'ablewaro (including decanters, 
etc.) 

9,46,730 

9,58,869 

0,05,402 

8,91.304 

11 ,49,252 

Other i-lasaware 

25,82,436 ' 

25,87,160 

34,35,014 

35,34,692 

34,82,909 

Guvenuneut impoits 

4,05,049 

4,48,284 

4,72,619 

4,16,377 

3,43,772 

TOTAL 

2,62,31,073 

2,67,10.691 

2,66.46.648 

2.45,48.647 

2,49,73,7 b) 


Table 128, — Value of imports of Glassware according to countnj of 
origin, excluding Government imports 



1924 

1925 

1926 

1927 

1928 




Rb. 

Rb. 

Rs. 

Rb. 

Bb. 

United Kingdom 



29,07,470 

26.60,6414 

26,13,939 

24.51.066 

20,95,924 

(lortnany 



36,86,708 

39,65,236 

47,82,218 

50,03,938 

42,77,742 

Belgium 



27,40,180 

21,86,981 

27,21,087 

23,84,355 

25.86,341 

Austria 



6,16,010 

2,96,018 

3,82,286 

3,84,912 

5,26.708 

Cztichoalovakla 



67,61,423 

77.68,084 

79,14,677 

64,09,219 

60,67,207 

Italy . 



9,08,732 

8,56,700 

6,11,704 

5,48.222 

6,65,154 

Japan • 



71,65,001 

67,97,668 

01,66,980 

68,26,870 

70,79.721 

Other couuirleH 



11,11,606 

8,40,154 

8,81,139 

10,%,0«8 

13,91 ,22(' 


TOTAL 

• 




8,41,13.170 

2.^3,30,017 
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Qypsum. 

[E. H. Pasooe.] 

Gypsum occurs in considerable abundance in various parts of 
India, occurring both in the fibrous form and as clear selenite crys- 

Occurrence Baluchistan, the Tertiary clays, and 

shales of all ages, whenever they are but 
slightly disturbed, contain numerous crystals of gypsurt* scattered 
throughout their mass^; in Sind it occurs in beds sometimes 3 to 
4 feet thick near the top of the 6aj beds of the Khirthar range ; in 
Kachh it occurs in abundance in the rocks below the Nummulitic 
limestones ; in the Salt Range it occurs in large masses with the 
salt marl which lies underneath Cambrian beds but is possibly of 
Tertiary age ; along the foot of the Kala Chitta range in the 
Rawalpindi and Attock districts, it is characteristic of the Upper 
Nummulitic stage, reaching thicknesses of two or three feet locally^. 
This mineral is especially characteristic of the Lower Tertiary of 
north-western India, and is plentiful in the Pegu beds of Burma 
in the transparent form of selenite®. 

A very interesting and, judging of the returns, comparatively 
important occurrence is one N,N.W. of Nagaur in Jodhpur (Marwar), 
Rajputana, where a bed, 5 feet thick or more, occurs in silt probably 
formed in an old salt-lake. The output from Jodhpur during the 
five years 1924 to 1928, was more than it was during the previous 
period, and is shown in Table 129. The increase in the value during 
the last seven years was a result of increased cost of extraction, due 
to labour difficulties, combined with an improved demand. The 
largest production of gypsum, as formerly, is still obtained from 
Jamsar in Bikaner, Rajputana (see Table 129), the average annual 
output during the quinquennial period under review being 25,666 
tons, and the average value per ton working out at Rs. 2-6-6. An 
analysis in the laboratory of the Geological Survey of India shewed 

For cent. 

SiO, 1*20 

Fe,0,+Al,0, 0-48 

CaO 32-39 

MgO . 0-48 

SO, . 44-14 

H,0 (combined) 20-16 

CO 0-86 


1 £. V^denburg ; Eec. QwA. Jnd., XXXVIII, p. 209 (1909). 
* Pasooe; Mem, Oeot, Hut, Jnd., XL, 376 (1920). 

•/M, 216 (1912). 


99-71 



Table 129 . — Production of Gy'psum in India during the years 1924 to 1928. 


LXIV.J 


Mmerci Produelion of India, 1924r28. 


401 






4:02 Records of the Geological Survey of India. [ VoL. 

The quality is, therefore, good, and large quantities, are available. 
Lesser quantities arc available in many other places in Bikaner. 
Selenite crystals of similar origin to the deposit of Nagaur have been 
recently found in the kanka/r near the base of the silt in the Sambhar 
lake. A small gypsiim deposit of no economic value occtirs in the 
Chamba valley, Dholpur State^. 

Thick beds of gypsum are said to occur in the Kangra Chhu in 
Bhutan^, in association with dolomites. The mineral is also known 
in limited quantities in the Older Alluvium, in the Hamirpur district, 
United Provinces^, and under similar circumstances in the adjoining 
parts of the Jhansi district^, where it is called usraith. Gypsum is 
also found in Spiti and Kanaur, in the Punjab Himalaya. Between 
the Lipak and Yuland rivers in Kanaur the gypsum occurs in im- 
mense masses and thick beds replacing Carboniferous limestone ; 
it is used locally for whitewash, but the inaccessibility of the deposits 
would render abortive any attempt to mine the mineral for trans- 
mission to the Indian markets®. 

The chief uses of gypsum are as a fertiliser for the soil and in the 
manufacture of Plaster of Paris. It also has the useful property 
^ ^ of retarding the setting of any cement of which it 

forms an ingredient. Its effect in small quanti- 
ties upon crops is said to be remarkable, and its usefulness to the 
monsoon crops of South Bihar has been experimentally demons- 
trated®. A common application is 2 maunds to the acre. Increas- 
ing amounts of gypsum are being imported by the Department 
of Agriculture, Bihar and Orissa, from the Jamsar quarries in 
Bikaner. 

Since ancient times gypsum has been used in India as a plaster. 
Sir Aurel Stein in his work on Ancient Khotan records the fact 
that the whole of the stucco work discovered by him consisted very 
largely of Plaster of Paris, and that the figures and idols had in 
many instances been moulded by a process of applique. Moulding 
in Plaster of Paris is a modern art in India proper, and the ancient 
people of Khotan must have either discovered it spontaneously or 
derived their knowledge from some non-Indian race. Dr. Buist has 

^ A. M. Heron ; Rec. (hoi. 8utv. Ind., XLIV, p. 20 (1914). 

* G. E. Pilgrim ; Ibid., XXXIV, p. 28 (1906). 

® T. 1). La Touche; Ibid,, XXXVII, pp. 281-286 (1909). 

« C. A. Silbcrrads Ibid., XIJI, p. 66 (1912). 

k H. H. Hayden ; Mem. Oeol. Shirv. Ind., XXXVI, p. 101 (1904). 

* D. Cioustou ; Review qC Agriiiultural Openitlons in Indiii, 1924-25, p. 52. 
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shown that the inhabitants of Sind have from ancient times practised 
the art of casting lattices and open-work screens for use Ln house 
construction, permitting the free circulation of air. The so-called 
‘ stained glass windows ^ of the Marwaris are made by taking 
two lattice screens made of Plaster of Paris of identical pattern and 
fixing between them fragments of coloured glass so arranged as to 
bring out any purposed design. The pieces of glass are secured in 
position by a thin layer of liquid plaster applied before the two layers 
of lattice are brought together. The shish mosaic of Rajputana and 
the Punjab, of which the Shish Mahal at Agra, tlie Shish Mahal at 
Lahore and the Shish Mahal at Amber near Jai[)ur are the best 
examples, is made by embedding pieces of glass silvered or backed 
with plated metal discs or coloured tinfoil within a plaster which 
consists mainly if not entirely of Plaster of Paris. This decadent 
form of art is, however, scarcely practised at the present day. I'he 
modern schools of art are responsible for the manufacture out of 
Plaster of Paris of figures, ornaments and toys ; this industry has 
sprung up in India during the last few de(5adcs. 

The largest producer of gypsum in the world is the United States 
of America, and the bulk of their output is used for the manufacture 
of fire-proof wall-boards. These have increased at the expense of 
the fibre-board on account of the ease with which they can be applied 
and by reason of economies effected by its use. The wall-board 
also lends itself to an attractive plastic finishing, which has added 
to its popularity. The resources of gypsum in India are large, and 
an increase in its use and demand would stimulate an indiistry 
capable of considerable expansion. 


Kyanite (see also Sillimanite). 

[J. A. Dunn.] 

Of recent years the minerals kyanite and sillimanite have come 
into prominence because of their value for certain purposes in the 
ceramic industries. Their uses and properties will be found des- 
cribed under * sillimanite’. 

The known deposits of massive kyanite in India are confined 
almost entirely to Bihar and Orissa. In 1907, Mr, Srinivasa Riin 
submitted some specimens from Lapsa Buru in Kharsawau.. Shde, 
Singhbhum district, Bihar and Orissa, to Dr. L. L. Fermor of tiu* 
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Geological Survey of India. They were then thought to be composed 
of corundum with some tremolite. In 1908, Dr. Fermor visited the 
hill and found considerable outcrops of kyanite-rock. Mr. K. A, K. 
Hallowes in unpublished departmental reports of 1907 and 1908, 
mentioned the occurrence of kyanite-bearing rocks in other parts of 
Singhbhum. During an examination of apatite deposits in the 
Miishabani-Badia tract, Dhalbhum, Dr. Fermor noticed adjacent 
outcrops of kyanite-quartz-rock in 1918. As massive kyanite was 
not then of economic value, these discoveries were not made public. 

D^ing the field season 1923-24, Dr. Dunn was in Kharsawan 
State continuing the larger survey of Singhbhum. The kyanite-rock 
was seen at the time and briefly described^. The first published note 
on the occurrence of kyanite in Singhbhum was in the Quinquennial 
Review of the Mineral Production of India, 1919-23. In 1922, the 
material was brought to the notice of Mr. P. Bosworth Smith, who 
furnished information later to the oflice of the Geological Survey. 
During the latter part of 1926 and early 1927, Dr. Dunn took up the 
examination of aillimanite and kyanite deposits in Northern India, 
and made a more thorough examination of the Singhbhum deposits. 

In Singhbhum, kyanite-rock, associated with kyanite-quartz-rocks 
occurs at intervals along a belt of country nearly 70 miles in length, 
striking east from Lapsa Bum through the native states of Khar- 
sawan and Scraikela, and turning south-east through Dhalbhum 
almost up to the Mayurbhanj border. The deposits strike parallel 
with the Singhbhum copper belt, occurring on the north and east 
(or hanging wall side) of the copper lodes. The main rock of this 
belt is aluminous muscovite-schist, but hornblende-schist frequently 
crops out. The mica-schist often contains large crystals of staurolite 
and garnet. The massive kyanite is usually associated with kyanite- 
quartz-rock or granulite. 

At Lapsa Buru the kyanite-quartz-rock is found in enormous 
beds, the massive kyanite apparently occurring as segregations in 
the more acid rock. Some large deposits are, however, entirely of 
kyanite-rock. The pure kyanite-rock is massive, never cleaved ; it 
is usually medium to coarse-grained, and even those rocks which, 
in the hand specimen, appear to be fine-grained, are found to consist 
under the microscope of quite coarse crystals full of fine inclusions. 
Kyanite is almost the sole constituent. It is often of the radiating 


^ J. A. Dmm; Mm, CM. Swrv. Ind„ UV., p. 166 (1929). 
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columnar variety, and blades of crystals over 12 inches long may be 
seen sometimes in the large boulders. Such coarse kyanito mdicates 
the action of at least a certain amount of metamorphic migration. 
Usually the only other constituent is rutile, which is often plentiful ; 
fine corundum is present occasionally. 

Other places at which massive kyanite occurs in workable 
amounts in?Singhbhum are Ghagidih, Kakha Mines, Badia-Bakra 
and Kanyaluka. The minimum quantities of these present, calcu- 
lated to a depth of 1 yard, are : — 

Tona. 

Lapsa Buru 214,000 • 

Ghagidih 20,000 

Badia-Bakra 10,000 

Kanyaluka 8,000 

Analyses of typical specimens of these rocks are : — 









Lapsa 

Buru. 

Ghagidih. 








Per cent. 

Poi cent. 






. 

. 

30-20 

30-0 

Abo, . 







65-36 

60*7 

FOa< ), . 







3-19 

2-3 

TiOg . 







0-76 

1-2 

CaO . 







. trace 

0-8 

MgO . 







1-37 

0-4 

H^O . 







0-61 

0-9 








100-78 

102-3 


A certain amount of massive kyanite associated with blue corun- 
dum has been found at Rcngadih in Manbjium, but it is of poor 
quality. 


Table Production of Kyanite during the years 1924 to 1928. 



1924 

1026 

1020 
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1028 


ii 

Value, 

m 

Value. 

H 

Value. 
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Valuf. 

liihar and arista 

Tone 

Hs. 

Tons 

lit. 

1 Tons 

lit. 

Tons 

Jit. 

Tons 

1 

Khanawan State 

224 

3,360 

848 

2,068 

208 

1,221 


23,611 


12, m 

Maublnim 


.. 

2 

(U 



760 j 


1 


CJhrtgldlh . 

.. 

.. 






7,600 

346 

6,17 , 

TOTAL 

224 

3,360 

815 

3,001 

208 

l,22t 

4,42. 

31,117 

2,241 

17,311 
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Marble. 


[VOL. 


[E. H. Pascoe.] 

Itulia has long been famous for its marbles, chiefly on account 
of the fine buildings, such as the Taj Mahal, built from this 
material by the Moghals. Amongst the re- 
mains recently found on the ancient site of 
Mohenjo-Daro in the Larkaua district of Sind were shaped and 
ilressed blocks of polished marble, many of them evidently for 
building purposes. The stone resembles that from Mekrana in 
Kajputana, whence we may imagine it to have been carried across 
the desert to the ancient city. Associated with these shaped blocks 
were found seals bearing a script having many resemblances to the 
Sumerian script of Mesopotamia. The marble quarries of north- 
western India, therefore, appear to have an antiquity which it would 
be difficult to rival. The best known occurrences of white marble are 
at Mekrana in Jodhpur, Kharwa in Ajmer, Maundla in Jaipur, 
Dadikur in Alwar, and Tonkra in Kishaugarh, the last-named being 
doloraitic marble. It is to the coarseness of their grain that these 
marbles owe in part their resistance to the weather ; it is their purity 
that enables them to maintain their white surface, and it is their 
translucence that gives them their delicate softness, which could 
never be obtained from a fine-grained marble more suitable for 
statuary than for architectural purposes. Similar white marble 
occurs in unlimited quantities forming the hills of Kyaukse, Sagyin 
and Mandalay, on the banks of the Irrawaddy. A coarse white marble 
is found in Mergui ; whilst a saccharoidal dolomitic marble is exposed 
in large quantities at the far-famed Marble Rocks, forming a beautiful 
gorge traversed by the Narbada river near Jubbulpore. Marble 
has in the past been quarried in the Betul district of the Central 
Provinces. 

Homogeneous yellow marble, and also yellow and grey shell 
marble, are found at Jaisalmer in Rajputana. Serpentinous lime- 
stones, showing green and yellow tints, are found in Ajmer and 
other places along the Aravalli belt ; but the most striking example 
of this class occurs at Motipura in the Baroda state in the form ot 
a handsome mottled green marble ; a beautiful marble is obtained 
also at Sandara* A black marble taking a good polish, and other 
varieties, are found in Rewa Kantha, Rajpipla. Near the Narbada 
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river in the Indore state a fine coralline limestone, capable of a 
high polish, is quarried, and used in the construction of temples and 
palaces. Very variegated serpentinous limestones occur also In 
parts of the Cuddapah and Karnul formations in the Madras Presi- 
dency, and at several localities in the Nagpur and Chhindwara 
districts in the Central Provinces. Marble is plentiful in the Idar 
state. Pink marbles occur in abundance in the Aravalli belt of 
Itajputana, and in the Narsinghpur district of the Central Provinces. 
Mottled and streaked grey marbles occur in Jodhpur ; dark-grey 
marbles are obtainable in Kishangarh and Jodhpur, while black 
marble has been found at Bhainslana in Jaipur. A mottled con- 
cretionary dolomitic marble occurs in the Vindhyan series in the 
Gwalior state, whilst onyx marbles are found at Nurpur in 
the Shahpur district, and near Jhuli in the Baluchistan 
desert. 


Victoria Memorial. 


Extensive tcvsts made in the laboratory of the Geological Survey 
on the Mekrana marble ^ shewed that it is superior in many respwits 
to the foreign marbles imported from Greece 
and Italy, and it was therefore employed in 
the construction of the Victoria Memorial in Calcutta. Messrs. 
Martin & Company, contractors for the building, opened up quarries 
at Mekrana and erected derricks for bringing the stoiu*8 to the sur- 
face, as well as an extensive plant for cutting and dressing. 
Considerable difficulty was experienced at first in getting the requiriMl 
quantity of suitable material, but this was eventually overcome and 
a large supply of marble of great beauty mad(^ available. With the 
exception of European supervision the work at the quarries was done 
entirely by indigenous labour and the local artisans were trained to 
turn out carving of a high degree of excellence. Messrs. Martin & 
Company’s operations at Mekrana during the quinquennium, 1914-18, 
produced a steady output averaging 3,500 tons a year. During the 
five years 1919-23, the average annual production was (5, 049 tons, 
but the last two years witnessed a considerable decrease due to the 
fact that Messrs. Martin & Company ceased to work the stone. 
During the five-year period under review the annual outimt averaged 
4,354 tons. This marble has been quarried for centuries. 


1 Bee, Geol, 8urv, Ind,, XLVI, pp. 276-279. T. H. Holland ; Jounidl of the Queen 
Victoria Indian Memorial Fund, No. II, March, 1904, pp. 18-26^ See also Genorul 
llcport for 1913, Bee, Oeol. Surv. Ind., XUV, p. 18 (1914). ^ 



Table m.-ProiiuAion of Marble in India during the years 1924 to 1928. 
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Marble used also to be quarried at the State Marble Works about 
8 miles from Narnaul railway station, Patiala State, where an experi- 
luental marble plant was installed ; during tlie period under review 
these works remained closed. There is also a small annual output 
of marble in the Mandalay district of Burma for images and pillars, 
but no figures of productioir are available. Table 131 shows the 
total reported production of marble in India between 1924 and 1928. 

In spite, however, of the existence of sucli large supplies of 
marbles of every variety in different parts of the Indian Empiie, 
Imports there is a large import of marble from abroad, 

chiefly from Italy and Greece. Tliis is dye 
partly to the great distances that sef»arate the Indian marble deposits 
from such cities as Calcutta and Bomba)^ and partly to the sys- 
tematic organisation of quarrying or>erations in Europe, by which 
the cost of foreign marble has been rcfluced. The foreign imports 
of ‘ stone and marble ’ during the five years 1924-28, averaged 
6,090 tons a year, valued at Rs. 7,58,045, against 6,626 tons a year, 
valued at Rs. 7,74,939, during the previous quinquennium. The 
average ammal value of the exporls of ‘stone and marble’ was 
Rs. 60,999, against Rs. 1,22,776 for the preceding period. On 
account of the freight advantages at! aching to the supply of 
European marbles, it would ]>robably not pay to lay out mucli 
capital on Indian marble quarries; but, with an order sufficiently 
large to warrant systematic quarrying o])orations, marble ought to 
be procurable at a cost that would repay its employment locally in 
Kajputana, and possibly in Burma. The Rajpiitana quarries are both 
protected and hampered by their distance from the sea-beard, but 
in Burma there are hills of marble standing on the banks of the 
Irrawaddy, and therefore well suited for watsr transport. 


Mineral Paints. 

[ K H. l^ASCOE.] 

The manufacture of mineral paints is still very small in pro- 
portion to the demand and to the natural resources in apparently 
suitable minerals. In the Jubbiilporc district the soft haematites 
of Jaiili have been worked for red ochre and yellow ochoi has been 
extracted in Panna State. The War gave a considerable impetus to 
indigenous painty, and works were set up in Mysore. 



Table 132 . — Production of Ochre in India during the years 1924 to 1928. 



(a) Washed ochre. 

(&) Yalne of washed ochre. 
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Such figures as are available are summarised in Table 132, in 
which the values are moslly much understatcub being usually the 
rental or royalty paid. Tin* (Central Indian production is derived 
mainly from PaTwui and Soljnwal ; tlui mines in the former state are 
being worked at present by Messrs. The- ()l|>lu*rts I’aints and Pro- 
ducts, Linuted, and Messrs. Turner Morrison aiul (Jom}jany, both 
of Calcutlii, and l)y Messrs. Abdul Sattar & {Sons. The production 
in the Central l^rovinces is due mainly to the opt^rations td the mines 
in the Jubbulpore distriet. 

Cwalior was sepfirafed from the (kuitral India Agiuicy in 1920 ; 
the statistics relating to that, state have therefore been shown sepa- 
rately in Table 132. Tlie mines in this state at llehat in the (iird 
district are at present leased by Idiani Itam and Tlio llujputana 
Mineral Company, Limited. TJmre was a small oiit}>ut of ochre in 
Biliar and (drissa from the Singhbluim anrl Puri districts. A small 
output of red ochre is roTiorted from llaiuiuikouda in liytlerabad 
State. 

()r*.hres, red, 3adIovv, and of other (colours, are commonly used by 
Indians in many parts of tlui country, in a criulc or sim]>ly levigated 
form, under the generic name, (/ertt, A common source of supply 
is laLu-ite in the Peninsula and Burma, but well-deiim'd ochres 
occur in depiosits of various geological ages down to the Arclucaji 
luematites. In the Trichinopoly district ycdlow ochre is obtained 
from the Oreiaceous rocks, and in Burma deposits are known 
among the Tertiary beds of the Myingyan district ft is also prcj* 
bable that various grades of ochre, unTocr and sienna could be set 
aside from the ‘ country ’ wLeii wdrking the Yi/.aga])ataTu man* 
ganesc-oro deposits. A black slate near Ki.shangarh lias been suc- 
cessfully tried on the Kajpiitana-Malwa raibvay. 

Mineral waters. 

[ W. A. K. CuiusTiio-l 

Mineral waters do not have the same vogue in India as in many 
other countries, where table or medicinal waters, ‘ bottled at the 
source \ find a ready sale. Ihis is partly due to the greater respect 
generally shown in India for the genius /ori - rec.ognised as no more 
transportable than that of I.ourdes ; many of the springs in India 
are resorts of jiilgrimagc for countless worshippers, although their 
waters have no sale. 

2e2 
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Tiiflia possesses a great abundance of mineral .springs, very 
many of them hot. A Catalogue of the Hot S]mngs of India, 301 
of them, was compiled by T. and R. D. Oldham^ primarily in con- 
nection with earthquake and r/ua.n-volcanic phenomena. A list of 
tlie springs reputed to possess some medicinal value or charged 
with mineral matter has been j^repared by T. H. D. La Touche^ 
under the heading mineral waters. 

An investigation into the radio-activity of the thermal springs of 
the Bombay and Madras Presidencies was undertaken by " the 
Reverend Dr. A. Steichen and the Reverend H. Sierp, of St. Xavier’s 
College, Bombay. The results of these two observers were published 
in two papers in the Indian Medical Gazette, Vols. XLVI and XLVII 
(December 1911 and December 1912). The springs at Tuwa on the 
line from Cambay to Godlira (Panch Mahals) were found to possess 
unusually high radio-active properties. Comparatively large emana- 
tions were found at Vajrabai and Unei. Principal Sierp has also 
published data for springs in the Thana district of Bombay, in Sind, 
and in Baluchistan \Loc. cit,, Vol. XLVIll, p. 259 (1913)]. 

Dr. L. L. Fermor, in his ‘ Mineral Resources of Bihar and Orissa ^ 
(Rec. Geol. Surv, Ind,, Vol. LIU, 290, 1921) has discussed the geologi- 
cal mode of occurrence of the springs of that piovince as a guide to 
geological enquiry and to those who may wish to turn some of 
them to commercial account. 


Nickel. 

[ E. H. Pascoe.] 

Ores of nickel (nickel if erous pyrrhotite) have been found amongst 
the copper-ores of Khetri and other places in Rajputana. Nickel 
has also been detected in small quantities in chalcopyrite and 
pyrrhotite found associated with the gold-quartz reefs of Kolar, 
and in pyrite said to be from the Ilenzada district of Burma. 

Complex sulphide ores, consisting of pyrrhotite, pyrite, chalco- 
pyrite, and molybdenite, have been received from the Tovala taluk 
in South Travancore. Both nickel and cobalt are present in quan- 
tities beyond mere traces, but nothing is yet known as to the extent 
of the deposits, nor have any proper average samples been assayed. 
A surface sample of ore showed 1*20 per cent, of copper, 0*64 per 

* JWeV. Oeol Surv. M,, Vol. XIX. Part 2 (18P8). 

• Index ofMineraU of Economic Value, Calcutta, 1918, 
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cent, of nickel, and 0-08 i)er cent, of cobalt, with 12 gmins per ton 
of gold and 2 dwts. 12 grs. per ton of silver. Further investiga- 
tions might show tliat the de[)osit.s are richer than is indicated by this 
analysis. 

On the lat August, 1907, the issue to the public was commenced 
of the new 1-anna nickel coinage, consisting of an alloy of 25 ])arts 
of nickel with 75 of copper, leading to a furtlier consuin])tion of 
nickel. The consumption of niokel in India, iji the form of tiernuin- 
silver, has increased still furtlier during the past liftecn years owing 
to the introduction of the 2-anna and 4-nnna f)ieccs : aji 8-aiina piece 
of the same alloy was put into circulation ])nt has been withdrt^wn. 
The imports of nickel n'ceived at the ilombay Mint in 1919-20 
and 1920-21, totalled mure than 2,784 tons, valued at lbs. 85,74,038 ; 
those at the Oalcuita Mint amounted to nearly 1,129 tons, valued 
at Rs. 34,05,234. No nickel was imported between the years 
1921-22 and 1928-29. 

As a by-product in the stnelting ojierations of the Burma (V^vpora- 
tion, Ltd,, at Namtu, in the Northern Slum States, a r(igular produc- 
tion of nickel speiss was initiated in 1927, during wldcji the quantity 
obtained amounted to 1,0)12 tons valued at Rs. 1,70,554 (£13,170); 
the speiss contained 2) *04 per cent, of nickel, 15*92 per eerd. of 
copper and also 33*68 oz. of silver to the ton. The ])ro(hKdion in 
1928, rose to 2,933 tons, averaging 24*8 ])er cent, of nickuL 15*2 jar 
cent, of copper aiid containing 32*2 oz. of silver lo tin* ton ; tin; 
value of the production in 1928, is estiin^ated at R.s. 5,:i1,()0l ((;.39,922), 
The speiss, which contains from 3 to 4 per cent, of cobalt, was shij)ped 
to Hamburg for further treatment. 

Nickel is also a constituent of .some iiifjL[)oriance in the eopj)or- 
ores of Singhbhum in Bihar. At |>reseiit it is being lost in the ore- 
dressing and smelting processes at Mauhliandar. The introduction 
of an electrolytic plant would probably render tlio sepaiation of the 
nickel an economic proposition. 

Phosphates* 

[E. H. Pascof.. I 

The douhle fluoride and ortho- phosphnte of calcium apatite — 
is known in many parts of India. Specimens of an apatite-mag- 
netite rock from the two villages of Mosahoni 
Singhbhiim district, (22- 31' ; 80° 30') and Pathargliara C Patho]gora,^ 

32' ; 86” 2S') m Prince MahomU r nicMiyar 
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Shah’s Dalbhiim Estate, »Singh])hTmi district, Bilmr ' and Orissa, 
with patch (3S of aj>atite sometimes up to \ inch in diameter, led 
to further inve^:tigations. The phosphatic rock occurs as lenses 
in the Dharwar s(}}jists parallel to the strike, varying in size from 
00 feet long by 24 feet thick in the middle, through lenses 
2-3 feet by 1 foot, down to lenticles a few inches long, and finally 
to separate granules and crystals disseminated in the associated 
schists. The pn^dominant mineral is usually apatite, but the 

quantity available has in some places not been estimated. Deposits 
have been locat( 3 d along a belt stretching for 12 miles in a direction 
roughly N. W. to S. E. from Ihitharghara to Khejurdari and forming 
part of the Bengal Iron Co.’s concession for iron-ore. This belt 
is parallel and close to the Subartiarekha river and the Benga.1- 

Nagpur railway, of which the nearest station is (rhatsihi. A 
concession to work the apatite at Sungi Sunrgi,’ ‘ Sonigi ’), 

Kanyaluka and Badia in this }}clt was granted in the finst place to 

the Great Indian Phospliaies Oo., T^td., during the War. This 

Company subs(‘.quontl 3 " went into li((ui<lation, and the area was 
transf(‘rred to a fu'b'ato syndicates. In this cone.ession an ore 
res(irve betw(5eu 100,000 and 200,000 tons has been estinuited to 
occur. This or<‘ averages 20-25 per c<mt. with magnetite 

IS the main gartgue niiu(*Tal ; magtietic s(‘paration brmgs the grade 
up to about 35 ])(*r (unit. deposit at Patharghara is 

very similar in givide and gangue, and was at first worked as an iron- 
ore. The quantii-ies of phos})hatic rock des])at(;}ied from the Snngi 
mine have varied (ia[»riciouslv, and in 1923-24, amounted to 3,400 
tons. In 1921-25, 2,273 tons were despabdied. During the 

following y<‘iir the mities wer(» not worked. The material was sup- 
plied to the Bengal Iron C(»., but a hop<' has been expressed that it 
will be possible to produce ground phos]»hate suitable for fertilising 
purposes. Reserves of at least 250,000 tons of available ])liosphate 
ore are claimed to <'xist in this neighbourhood. 

About 21 inil(?s N. W. of Patharghara, and evidently forming a 
continuation of the Khejurdari-Patharghara belt is another locality 
at Nandii]) some 2i miles south of Tatanagar railway station on the 
Tatanagar-Haludpukur branch line. Here the iron content is lower 
and quartz is often avSsociate<l with the apatite. Around Chaadar 
Buru several parallel zones occur. One of the northern zones in 
this vicinity has an average width of 50 feet of apatite with granite 
and ffh^a-Bchist partings for a distance of 300 feet ; of this two 
thirds consist of apatite. During the live years under review, 
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this area, which is being developed by Mr. E. 0. Murray, sup])lied 
7,100 tons of phosphate for agricultural purposes and 7,600 tons 
to the iron trades. Of the two types of deposit found in this area 
one has a garigue of iron ore and schist, and the other a ganguo of 
quartz and schist ; the average grade of the former is at present 
about 17 per cent, and of tlio latter 22 per cent. but both show 

improvement with depth. The low^er-gradc material is too poor for 
the fortilisiT market, whicli requires over 23 per cent. but a. 

froth -flotation experiment brought tln^ penanitagc^ of Toth,, u]) to 
30-35. Concentration witli the aid of a magnethj .sej)arator is 
limited, owing to tJie fact tliat in this <aiHe the iron oi‘t‘ associated 
witli the apatite is mainly liaiauatite. Tlie 1 ow(t giade ]»hos])hate 
was being utilised by tlie iron tiade, but, owing to the slump in 
tile latf(*r, it was not being worked towards i.he end of the 
quinqiienniiiui imdor eonsK I oration. In this area the ieserv(‘s of 
})liospliatic ore, of an average grade Ix^tween 20 and 25 ])er eemt. 
iy )5 are at least 250,000 tons ; this is probably a nunimuTu ligiire, 
as the deposits arc not yet wliolly uncovered. 

There arc other deposits which, it is thought, coiilfl be utilised 
if the demand incroasiid. If quantity were required, Tata’s I’essemer 
slag— whose contents average about 10 per cent. <‘ould be 

mixed with the liiglier grade Kandu]) ore to give a 20 | er cent. 
prodiKjt. With the liel]) of concentration jjlants and slag mixing 
it should be possible to produce at least 20,000 Ions of pliosphate, 
suitable for fertilising purposes annually. 

In the Nandup area the production of phos]>hate rock during 
the five years 1924-28, averaged 1,722 tons annually, valiKxl at 
Rs. 28,474. Prosjiecting operations appear to have been commenced 
in Ringhbhum in 1918. 

At a certain horizon al)Out the middle of the Cretaceous beds 
in the Perambular taluk, Trichinopoly district, Madias, Warth 


Trichfnopoly, Madras. 


noticed in 1893, a wdiol(*sale conversion of fossil 
shells into phospliate, or mther the produetjon 


of interior casts of shells consisting of a black material rich in phos- 


phate of lime. The same stratum also contains numerous light 
brown concretions of irregular shape and strongly phospliatic. The 


bed, which stretches for a distance of at least 10 miles, with an average 


dip of 12°, is exposed in a low ridge to the east* ol Valudayur' 


Ree, Qed. Surv. Ind., XXVIII, pp. 17-18 (18%). 
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(11° 58' 30" ; 79® 46') and was estimated to contain, within a depth 
of 200 feet, nodules to the amount of 8 million tons. The nodules 
containing from 56 to 59 per cent, of phosphate of lime with about 
16 per cent, of the carbonate, are, however, distributed irregularly, 
varying between 27 and 47 lbs. per 100 cu))ic feet in excavations 
and 70 lbs. per 100 cubic feet in shallow workings. Attempts 
were made to utilise these phosphates in a finely powdered form as a 
fertiKser on the coffee plantations of Southern India, but the project 
was found to be unremiinerative, and mining leases were conscquontly 
not taken out. Siibsequent efforts to export the crushed nodules 
to rdoylon, wliere there was said to be a considerable demand for 
such material, were also unsuccessful. This may be looked u])on 
as one of the two principal phosphate deposits in India, but the 
sparse distribution of the nodules and their high calcium carbonate 
content are factors to be considered in any attempt to manufacture 
super-phosphate. With a greater demand some use could probably 
be made of these deposits. 

Apatite is an abimdant constituent of the mica-bcaring pegmatites 
in the Hazaribagh district of Bihar and Orissa. Sir Thomas Holland 
Mica mines, Hazari- considered that it might be possible to utilise 
bagli, Bihar and Orissa, phosphatic mineral met with in the winning 
of mica. As an experiment 100 lbs. of the phosphatic material 
containing 82*5 per cent, of apatite, i.e., 76 per cent, of phosphate of 
lime, was collected by three boys in 7 working hoxirs from the fresh 
waste heaps at the Lakamaudwa mine near Kodarma. Sir Thomas 
Holland remarks that * a much larger quantity might have b(‘on 
obtained if the boys had been practised previously in recognising 
the material and still more if the mud and soft mica films which 
coated the apatite had been washed from the waste heaps.’^ In 
the above-mentioned mine even the schists surrounding the peg- 
matite vein were impregnated with phosphate of Ume. The phos- 
phate in the Kodarma mica area is not a sufficiently abundant con- 
stituent of the rocks to warrant mining for it alone, but there seems 
little doubt that the exploitation of the waste dumps of the mica 
mines would establish a small but remunerative industry. Sir 
Thomas Holland’s experiment showed that the value of the phosphate 
obtained would more than cover the cost of labour, packing, freight 
to Calcutta and royalty charges. 


‘ Mtm Qeol, Surv. 2nd., XXXIV, pp. 60-61 (1901). 
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As in tlio mica industry of Bihar and Orissa, so in that of tho 
Nelloro district of Madras, apatite forms one of the prominent 
accessory minerals of the mica-beariug peg- 
disnlct, Madras. ^®**^*^® matites, and is thrown away in the w^aste 
dumps. A careful examination of these dumps 
seems well worth while and might lead to a small phosphate in- 
dustry. 

The mica-peridiotite dykes in the Giridih and Raniganj coalfields 
of the Hazaribagh district, Bibar and Orissa, were found b}^ »Sir 

, Thomas Holland on examination to contain 
Qiiidih and Ranigatij. n . • i 

an unusually high propoi-tion of a])atito. • The 

analysis of two types showed the presence of ll*4.‘i and lO-OG j)er cent. 

of calcium phosphate. The quantity is too small to warrant raising 

for economic purposes, the material comparing unfavourably with the 

basic Bessemer slags, but, as Sir Thomas Holland remarks, ^ the 

decomposition of large quantities of this rock at the surface must 

contribute sensibly to the fertility of the neighbouring 

soil 


At Jotlivad in the Narukot state of the llewa Kantha Agenc.y, 
Bombay, are manganese-bearing rocks in which Dr. Kermor found 

^ . apatite to be so ])letitifnl as to constitute in 

Rewa Kantha. j r i 

some cases 25 to .K) per v,mt. of th(’‘. nxdc. 

The material is described as of no value for the winning of manga- 
nese.2 It is doubtful whether it is Avorth treatment for tlie concen- 
tration of the phosjdiate, but the qin^stion as to whetJier tlu* ctusIumI 
rock could be used as it is for fertilising purj)oses, is perhaps worth 
investigation. 

In the Vizagapatam distri(‘,t of Madras a})atite is a universal 
constituent of the rocks of tJic koduritt; series, and may often be 
extracted in great almndanee from the litho- 
marge resulting from the decomposition of the 
felspar in these rocks. At tlie manganese mines of Garbham 
(18° 22' ; 83° 31'), Rawabhadrapuram (18° 30' ; 8e3° 20' 30") and 
Devada (18° 16' ; 83° 38') it is especially almndaiit®. At Devada 
some hundredweights of deep sea-green apatite in rough prisms up to 
6 inches in diameter were obtained. 


Vizagapatam. 


1 JBfiC, Oedl, Surv, Ind., XXVII, p. 135 (1894). 

* itfem. Qedl, Satv. Ind., XXXVII, ijp. 846-048 (1909) 
*Ihid„ p. 251. 
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Jhelum 

Punfab. 


In the Dandot colliery (32° 39' 30" ; 73° 1'), Jtelimi district, 
Punjab, shales overlying the coal seam were found to contain phos- 
phatic nodules. The nodules contain about 
district, calcium phosphate, but their 

quantity was not considered sufficient for prac- 
tical utilisation. 

Hayden remarks that the apatite schists, reported as occurring 
in the Dungarpur state of Rajputana, might perhaps be put to some 
use, but that the quantity available is unknown, 
the rocks being largely obscnired by soil. 

In 1884 , the divscovery was announced^ on the Midlands Estate 
at Miissoorie ( 30 ^ 27' ; 78 ° 8 '), United Provinces, of nodul(;s of 
Mussoorle Xdiosphate of lime and layers of a pliosphatio 

rock occurring in a shah.^ band at tlie base of 
chert beds immediately overlying the Miissoorie limestone. The 
nodules, on analysis, were found to contain about 76 f)er cent, of 
calcium phosphate and the phosphatic rock about 66 per cent, of 
the same mineral. Both nodules and phosphatic rock vary consi- 
derably in constitution ; some of the former arc said to be devoid of 
jihosphafce. In si)ite of this, Mallet remarks that ‘ both substances, 
and especially the nodules, arc of high standard as materials for the 
manufacture of artificial manm*e.’^ Exposures of the deposit 
were found at three places in a length of a mile. 

A blue earth was discovered about 1843, by Mr. F. Jenkins on the 
banks of the Dikhu river, above the town of Nazira. (26° 55' ; 94° 48') 
Slbsai^ar district, Sibsagar district of Assam. Its blue 

Assam, colour was found to be due to the xiresence of 

the orfcho-phospliate of iron, vivianite, Fo 3 (P 04 )j. Prcvsumaljly 
the earth formed part of the alluvial deposits but the sources of the 
phosphate, which must lie further up the Dikhu valley, have never 
been explored. 

During a journey up to Khatmandu in Nepal in 1874, Medlicott 
records an extensive deposit of stiff blue-grey clay, in which he 
noticed blue specks of vivianite freely scattered 
throughout. This deposit is known for its 
fertilising x)roperties, and is used as a manure throughout the valley. 
As Nepal is still tabooed to European investigators, except at the 


> JKec. 6f£o2. Surv, 2nd., XV11» pp. 198-199 (1884). 
• Ibid., XVm, p. 126 (1885). 
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invitation of the Durbar, nothing further is known of this occur- 


Sir Thomas Holland mentions the occurrence of considerable 
masses of triplite — a phosphate and fluoride of iron and manganese, 
containing about 112 per cent, of phosphoric 
dnd^Orissai^**^*^*’ *^******^ ^ mica mine, two miles south-east of 

the village of Smgar (2d‘' 34' 30" ; 85^^ 33' 30") 
in the Gaya district of Bihar and Orissa. It was considered to be 
probably of small value as a source of phosphoric acid, but an output 
of 10 tons of the mineral during tin*, year 1014, was recorded. 

A regrettable feature i)i flu*, economic history of India is the export 
of ]»lios[)liat<‘ in tlie form of bones. Bone meal and other animal 
manures have ]>eeii for some, time, and still 
Bonc*^nieiiL^ manufacdiirecl in Calcutta, but the want of 

a cheap supxdy of sulphuric acid has in the 
past ])reventcd their treatment to form ‘ sup(‘r-phosj)hate the 
small (piantity of the latter used in India being mostly imported from 
Ji^urojie. Sidplniric acid is now being prodnecid oji an appreciable 
scale in the coinitiy (see below), and a start has re(’(aiily been made 
by ]VI(‘ssrs. Parry fc (^o. at BanifieL, 00 miles from Abuiras, to manu- 
facture sin)er])liospha.te from eruslied bones and suixdiurie. acid 
(‘ e.hamlier acid ’) in high-jiressuro autoclaves. It is to be hojied 
others will follow this good examjdc, siiic(‘, large cjuantities of bones 
and bone meal arci still being exported. 'jdie (‘.ontinnal export of 
bones and bone meal means a steady drain on India’s sujijily of plios- 
phate. The soil in many the alluvial tracts limy be rich enough 
in pliosphates to remain, for the time being, not seriously impover- 
ished by these e.xports, but the time must conui whcui the dei>letion 
of phosphate, due to its nmioval in the form (d liones and the 
different kinds of grain will make itsedf felt in the country. 

The Chemical Hectioii of the Agricultural Department at Pusa 
have demonstrated the value of dissolving tlie Bihar phosphate 
in perchloric acid and precipitating the X)iiosplioric acid as lime 
j)ho8pbate. The latter contains about 3r> jier cent, of iihosphoric 
acid, almost all of which is citrate-soluble.* The manurial value 
of this product is said to be equal to that of superphosphate, but 
whether the process can be employed successfully on a commercial 
scale remains to be seen. 


^D. OoiiBton. Review of Agricultural Operations in India, 1924*26^ p. 65. 
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Tho cx])Oii) of bones, which had fallen excessively during the War, 
rose irriin(‘(liate]y aft(*rwards and exceeded 108,000 tons in 1920. 
Tbe total exports of inanun^s, including bones and bone meal, from 
India during the calendar years 1921-1928, are given in the following 
table. From this it will be seen tliat over three-fourths of the 
total represent crusJied and iin crushed bojies and bone meal. The 
imports of bones into India are negligible in quantity. Most of 
the bones and bone meal expoited during the five years under 
review were sent to Belgium, (Jeylon, Japan, France and the United 
Stat(js. 


Table 1^^.— Erpori of Manures pom hulia during the years 1924 to 1928. 



Basic slag, formed in tho production of steel, contains phosphate 
usually in sufficient quantities to make the ground material of value 
as a fertiliser. Tlie substance is hard and the 
Basic Slag. grinding expensive, so that unless a sufficient 

projiortion of phosphoric acid is present, the preparation of the 
powdered fertiliser would be unremunerative. Indian basic slag 
is said to be poor in phosphorus, but, by mixture with some 
of the Indian apatite, which contains too much iron for super- 
phosphate manufacture, a utilisable fertiliser can be obtained. 
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The only company manufacturing steel on a large scale in India 
to-flay is the Tata Iron and Steel Compfiny at Jamshedpur, The 
small steel works at the Government Metal and Steel Fa(^ory, 
Jshapore, at the East Indian Railway Works, Jamalpur, at the 
Bombay, Baroda and Central India Railway Works, Ajmer, at the 
Ballygunge Works of the Hiiknmchand Company, Ca.lcid.ta, and at 
the works of the Kiimardhubi Engineering Company, produce alto- 
gether less than 5 per cent, of the Tata Company’s output, and 
were brought into existence to meet special requirements. At 
Jamshedpur seven open-hearth furnaces are in use, four of E0-C5 tons 
capacity and three of GO-65 tons capacity ; 218,472 tons of steel were 
manufactured in 1924, o09,9^)8 tons in 1925, 3GO,98() ions in 1926, 
414,738 tons in 1927, and 289,865 tons in 1928. Their basic slag 
varies considerably in its phosphorus contents but averages olmut 
10 per cent. P 2 O 5 ; the output is some 40,000 tons annually (about 
250-300 lbs. of slag per ton of finished steel). A small quantity, 
it is understood, is used in bringing up the phosphorus contents to 
the requisite standard in the tin-plate industry ; the rest is dumped 
to level up low-lying ground. The Indian Iron and Steel Company, 
when they manufactured steel, also found that their slag contained 
insufficient phosidiorus to make it commer(4ally attractive as a 
manure. The Bengal Iron Company no longer make steel and 
therefore do not produce basic slag. 


Rare Minerals. 


[ W. A. K. Christie,] 

This title is used for a somewhat miscellaneous lot of minerals 
which do not fall conveniently under other heads. They are 
arranged as in Dana’s Mineralogy. The adjective ‘ rare ’ should 
not be taken too literally rutile, for instance, is a commoner mineral 
than cassiteritc, although it finds an appropriate place here. Most 
of these minerals occur in pegmatites in the Archicau rocks of Penin- 
sular India. None of them is known to occur in quantities sufficient 
to justify extensive exploitation. 

Platinum and Platinum and iridosmine have been 

found in the auriferous gravels of the rivers draining the slopes 
of the Patkoi ranges, both on the Burma and the Assam sides. 
The former metal used to be obtained, with gold, by the Burma 
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Gold Dredging Com})any from the gravels of the Irrsrs^addy above 
Myitkyina. This company went into liquidation in 1918, and since 
that time no platinum has been produced in India. 

Molybdenite, the sulphide of molybdenum, occiirs in Tavoy as — 

(а) an accessory mineral in the granite, 

(б) in groisens bordering cassiteritc and wolfram veins, 

(c) in quartz vems with cassitcrite and wolfram, 

{d) in pegmatites with wolfram, cassiteritc and sometimes 
schcelite, 

(c) in veins with sulphides and entire exclusion of cassiteritc 

' and wolfram. 

The mineral is widely distributed but of more frequent occur- 
rence in or about veins in granite than in those enclosed by sedi- 
mentary rc^cJvS. It is esp('cially abundant in tlu' Wagon region, 
at Kyaukanya and at SotLsin, which fiunishcs the only known occur- 
r(‘.ncc of typ(i (c), No attempts have been made, in spite of tlu'. 
high value of the mineral, to rc(!Over it by scientific processes, and, 
owing to its llakiD(‘ss, it is not recoverable by the primitive }>ro- 
cesscs of ‘ c.oblfiug and ])amiing ’ so prevalent in the field, Tlic 
small quatitities which have been exported were obtained by labo- 
riously picking out the larger flakes by hand from the quart*z matrix. 
The Sonsiii deposit is tlui most promising known at present hut 
if, is little more than a ‘ prospect Molybdenite was one of tlic 
first minerals to form in the Tavoy veins and is often found inter- 
grown with mica on the walla. 

Molybdenite occurs in the crystalline rocks and in quartz in 
various parts of Chota Nagpur. It has been reported from Cherra- 
pimji, Assam, where it occurs in a microcline granite gneiss. 
It has becni found as scattered scales in pegmatites intruded into 
the khondalite series near Kunaveram village in the Upper Godavari 
Agency, Madras. A similar mode of occurrence has also been noticed 
in the aplitc and j)egmatite veins traversing the schistose gneisses 

miles east of Karadiknttam in Retiambadi Mitta, west of Palni, 
Madura district, Madras. It occurs in an elseolite^sodalite-caacrinite 
pegmatite at Mandaoria, near Kishangarh, Rajputana, and has been 
found in a pegmatite cut through at a depth of 2,500 feet in the 
Balaghat lode, Ooregum, Kolar gold field, Mysore. Molybdenite 
ocours disseminated through the pyrrhotites of the Travancore 
state. 
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From Tavoy a total output of 7-5 cwts. valued at Its. J,407 was 
reported during the period 1919-1923, obtained in the courao of 
wolfram mining operations. No production has been reported 
since. 

The chief use of molybdenum is as a constituent of alloy steels. 
Almost all the world’s supply of molybdenite is mined in tlu^ United 
States. 

IhnenUe.- See 109. 

Rutile, one of the natural forms of titanium dioxide, is wddely dis- 
tributed throughout many of tlui crystalline sclusts. It has been 
found in pieces of some size during exploratory work for mipa in 
the neighbourhood of Ghatasher in the Narnaul district of Patiala 
State, Punjab.! p j^r reports the oceurren(‘e of this 

mineral in tlic vicinity of Kadavur in the Trichinopoly district of 
Madras. J. A. Dunn^ reports it as often plentiful in the kyanitc 
rock of Lapsa Bum, Singhbhum, but its sej)aiation would be difFundt. 
It occurs, too, in considerable quantities in the black sands of the 
Travancore coast (nee und(‘r lhnmiie\ from which it is rccoveied in 
the zircon traction. Aft<'.r magind.ic Boparation the zircon sand is 
said to contain about 12 per (HUit. of rutile. On account of the 
similarity of sp(*cific gra.vity of the two minerals i(s s('paration is a 
matter of some difficulty. Kutile is, of course, jnore suitalde for 
the ])reparation of titanium dioxide paints than ilmenit(', and at the 
end of 1928, was (in Now York) IG times its piice.*> Although the 
titania contained in bauxite is not present as the mineral rutile, 
attention may here be drawn to the fac‘t that nnuiy rmlian bauxites 
are rich in this oxide. When an aluminium , industry is established 
in India, especially if the Bayer process bo used, a new source of 
titania will bo available iu the by-product sUnuiS. 

Beryl, a silicate of beryllium and aluminium, occurs in the mica 
pegmatites of the Kodarma Forest area, of Nelloro^ and of Kishan- 
garh. It is usually found close to the mitja books on the flanks 
of quartz cores in the pegmatitcis, somei.imes in crystals a foot long 
and six inches in diameter. In Kishangarh, on the slopes of the hills 
between Ajmer and Narwar, several tons of beryl crystals have weatb- 
ered out from the pegmatites. 

I Rec. Geol Surv. Ind,, XXXIII, p. 69 (1906). 

• Mam. Gad. 8urv. Ini., Vol. LIl, p. 221 (1920). 

» Chem. Mti. Eng., Vol. XXXVI, p. 127 (1929). 

^ Of. V. 8. Swaminathan, the Mode ol Ooourrenoe and Ghemioal OompOBition of J>oiyl 
from Nellore. Trans, Min, Oeol. Inst, Ind., Vol. XXII, p. 21^ (1929). 
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Pure beryl conttiins only five per cent, of beryllium ; the extrac- 
tion of the metal is a lal)orioiis process and from 600 pouhds of raw 
beryl only one pound of beryllium is recovered. The uses of the 
metal are still in the experimental stage. Small percentages of it 
in (topper and nickel impart remarkable hardening propeities on heat 
treatment of the alloys. In September, 1928, the price of beryl was 
150 to 200 dollars per metric ton.^ 

Zircon, — See page 312. 

Gadolinite, a silicate of yttrium, beryllium and iron, has been 
found in a tourmaline pegmatite, associated with cassiterite, at 
Hosaijipura, in the Palanpur state, Bombay Presidency. 

Allanite, a hydrous sUicate of calcium, aluminium, iron and the 
rare earth metals, has been found in some of the pegmatites of the 
Nellore district (Sankara, Vadlapudi and Turpupundla) and near 
Palni, Madura district, Madras. In Bihar and Orissa it occurs near 
Bahea village, in the Ranchi district. 

Sflicne^ titano-silicate of calcium, is a not uncommon accessory 
mineral in many of the crystalline rocks. A large and beautiful 
crystal of a variety containing a noticeable percentage of cerium 
earths was obtained by Dr. A. M. Heron at Dodikar, five miles W. 
of Alwar City in Rajputana, but its exact provenance is unknown. 

SipylitCj a niobate of erbium and other rare earth metals occurs in 
association with samarskite. It has been found in a mica pegmatite 
about 3 miles to the north-west of Sankara and also in the Razulapad 
mica mine, both in the Nellore district. 

Columhite-Tantalite, columbate and tantalate of iron and manga- 
nese, pass gradually from columbite, the nearly pure columbate to 
tanbalite the nearly pure tantalate. The specific gravity changes 
correspondingly from 6*3 to 7*3. Indian occurrences are usually 
near the columbite end of the series. 

The chief source of specimens is the mica-bearing pegmatites. 
Columbite is hot uncommon in the Singar zamindari, Gaya district, 
where beautiful crystals have been obtained near the village of 
Pichhli^ ; also in the Kodarma Forest area of the Hazaribagh 
district. At Pananoa hill, Monghyr, Bihar, tantalite occurs as well 
as columbite. Two specimens sent to the Geological Survey Office 
have the high specific gravities of 6-75 and 6*92 ; assays have shown 
37 and 52 per cent, of Ta 205 respectively. Columbite also occurs 

» ahtm. Trade Jour,, Vol. LXXXIII, p. 270 (1928). 

• G. H. Tipper ; Rtc. Qeol Surv. Ind., L, pp. 260-261 (1919). 
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in the Madura, Nellore, Salem and Trichiriopoly districts of the 
Madras Presidency ; at Masti^ in the Bangalore district and other 
places in the Mysore State® ; in Kashmir, near Machial, 20 miles 
from the Padar sapphire mines. 

Columbium has only recently been isolated in the pure state ; 
it is said to have characteristics which may make it of real value.® 
Tantalum has been supplanted by tungsten as a material for electric 
lamp filaments. One of the main present uses of the metal is in 
connection with vacuum tubes for radio receiving and broadcasting, 
for Rontgen ray work, and for neon lights. Here it acts as an absor- 
bent of gaseous impurities^. Western Australia is the main tpro- 
ducer of tantalitc. 

Samarskite is a highly complex columbato and tantalate of metals 
of the cerium and yttrium groups, iron and uranium. It has been 
found in the Sankara mica mine (TO"" 47' ; 14° 15') Nellore district, 
Madras, where G. H. Tipper® reported the occuiTence of masses 
weighing as much as 200 pounds. It has also been found in the same 
district at Tummalataliipur, near Jogipalli Shrotriem, It has been 
recorded from Yedur, Bangalore district, Mysore, and from Tavoy. 

Mschynite, a titaiio-niobate of the cerium group of metals, has 
been identified from a pegmatite in the Eraniel taluk, Travancoro 
State. 

Xenotime, yttrium phosphate, has been reported from Aru Burru, 
Kanyaluka 'nmuza, Bihar, where it is associated with the apatite 
deposits. Its optical characters are those of an ortliorliombic 
mineral (xenotime is tetragonal) and G. IT. Tipper® suggests tliat 
its cerium content is responsible for the disc.rcpaiicy. 

Pitch-blende. — Pitch-blendc or uraninite with other uranium 
minerals has been found at two localities in the Singar zanimdari, 
Gaya district, Bihar and Orissa. Tlic occurrence at Abraki Pahar 
near the village of Bhanen Kap has Ix'cn known for some ycars.’^ 
The chief mineral associated with the i)itch-blende hero is triplite, 
a phosphate of iron and manganese, in considerable quantities. 
Colunibite and zircon also occur. The locality was visited by 


» Rec, Mf/aore Geol, Dept., Hi, p. 182 (1900-01). 

■ Mineral Resources of Mysore, p. 192. 

® F. L, Hess ; Min. Rea. V. 3., 1927, part 1, p. 412. 

« 0. H. Jones ; Chem. Met. Eng., Vol. XXXVI, p. 551 (1929). 

6 Rec. Oeol. 8urv. Ind., XJ.I, p. 271 (1912). 

• md., LI, p. 31 (1921). 

» T. H. Holland ; Mem. rjeoL Siirv. Ind., XXXIV, p 31 (1001). 
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the late Mr. 11. C. Burton, who found that the pitch-blende occurs as 
noJiilea in the pegmatite, each nodule having an -aureole of yellow 
uranium oohre.^ A company was formed for the exploitation of this 
occurrcuice but it was liquidated in 1914. The prospecting work done 
did not show the presence of any large deposit. The second locality 
13 near the village of Pichhli where the pitch-blende is found in a 
pegmatite in a similar way to the above. The associated minerals 
are monazito, apatite and columbite. ^ 

Green and yellow incrustations containing uranium occur on 
(iho apatite-magnetite rock at Sungri, Dhalbhum, Bihar and Orissa. 


Sillimanite. 

[ J. A. Dunn.] 

It has been known for several years that ‘ sillimaiiite ’ was one 
of the dominant constituents of CiSramic wares. This led to the 
realisation that the higher the raw materials were in AI2O3, 
the nearer they approached the composition of sillimanite the more 
highly refractory would be the resulting products. This suggested 
to several investigators the use of sillimanite, Al203*Si02, in the 
actual mix, Large supplies not being available, the attempt 
was made in 1920 to rmuiufacture artificial sillimanite. During 
1924, Bowen & Grcig showed that sillimanite could not be made 
artificially and that the true composition of the artificial ‘ silli- 
manite ’, found in all ceramic wares, was 3Al203*2Si02, which they 
(jailed mullite. They then found that natural sillimanite itself 
breaks up into crystals of mullite above a temperature of 1,545°C. 
Later Qreig found that, besides sillimanite, kyaiiite and andalusitc 
also broke up into mullite with the concomitant formation of a sili- 
c(K)us glass (probably cristobalite) on heating above certain definite 
temperatures. Of the three minerals, kyanite alters at the lowest 
temperature, sillimanite at the highest. In the case of kyanite the 
change is accompanied by a considerable change in volume, but 
wifch andalusite and sillimanite the increase in volume is very small, 
ti’urthcr investigations led to the conclusion that the mullite was the 
important material in aluminous refractories, and that this mullite 
could be derived either from kyanite or sillimanite. Owing to its 

» Btc. QmL Surv. Ind., XLIV, p. 31 (1914). 

• a. H. Tipper; /M., 1^ pp. 259-261 (1919). 
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expausion on heating, kyanito could only bo used after it had 
been converted in kilns to mullite, whereas sillimanito can be used 
immediately in the raw state. Ceramic materials and rcfrac.tory 
bricks made from these materials possess the following properties : 
strength and toughness, high melting point (about 1,810®C.) and 
stability up to that temperature, low co-efficient of expansion, low 
electrical conductivity, freedom from volume changes, neutral re- 
action and resistivity to corrosive slags and to oxidising and reducing 
conditions. 

To the ceramic industries mullite appears to have many uses, 
whether it bo derived from sillimanite or kyanito. Electrical ])or- 
celains made from it are very tough and strong and have a very low 
conductivity. It has been used in sparking plugs. It is finding a 
wider use as a refractory brick where the furnace conditions arc sovero 
as in boiler furnaces, combustion chambers, and particularly in glass 
manufacture. It is not likely to find any application in such 
metallurgical processes where it ^ would come in contact with 
metallic slags, as it fuses readily under the action of mcitallic 
oxides. 

In India kyanito occurs mainly iri Singlihhum, Bihar and Orissa^ 
and sillimanito in Nongstoin State, Assam, and at Pij)ra in Kewali 
State, Ccmtral India. The mining future of these refractory matcui- 
als in India seems to be dependent upon two factors, viz.^ the favour- 
able outlook with wliich the users may accept tlie materials, and the 
producer’s ability to place them sufficiently cheaply on the market 
At present the chief market is on the Continent, particularly CzccJio- 
Slovakia. The price of sillimanite in England has fluctuated between 
£11 and £14 per ton. So far the market has not been im]>reHS(*d 
sufficiently to take up the use of the material wholc-licartedly ; 
and it would be advisable for the Indian producers concerned to sell 
at the minimum jjricc in order to ’widen the markc^t. 

The occurrence of the deposits of sillimanite hi Assam Ix^ciame 
known in a curious way. During the War a deposit of corundum 
was being mined by the Khasi Mines Company, at Sona Pahar, 
Nongstoin State, Assam. In 1921, Messrs. Pawle and Brelick, the 
agents for the company in England, found that the hardness of a con- 
signment was very unsatisfactory and a chemical and microscopical 
examination was made by Messrs. G. T. Holloway of Limehoiise. 
It was thought that the material was mainly sillimanite, whicJi 
opinion was confirmed by Dr. C. S. Pox, Assistant Superintendc/jt 

2 F 2 
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of the Geological Survey of India, who was at that* time attached to 
the Indian Trade Commissioner in Loudon. 

The occurrence of corundum in Assam was known to Mallet^ 
in 1879, and other later investigators* have referred to the deposits. 
In order to clear up the relation of the sillimanite to corundum in 
these deposits, Dr. Dunn of the Geological Survey of India visited 
the area in December, 1926, and January, 1927. His descriptions of 
this deposit and other sillimanite and kyanite deposits in India have 
since been published.* 

The deposits of sillimanite at Sona Pahar in Assam may be 
reached as follows : by motor lorry from Gauhati to Boko 36 miles 
to the west thence 12 miles south by bullock cart to Haima at the 
foot of the Khasi hills, and finally some 2 days’ march south into 
the hills for 23 miles. 

The area is on the Khasi plateau and the height above sea level 
about 3,000 feet. The silliman^te-corundum deposits are associated 
with such highly aluminous rocks as cordierite-biotite-quartz-micro- 
clme gneiss and sillimanite-quartz-schists. The majority of the 
deposits consist mainly of massive sillimanite with a little conmdum ; 
one or two are almost entirely of corundum and several are entirely 
of siUunanite. Impurities are not abundant and consist mainly of 
rutile, a very little biotite and some iron ore. There are some 
thirteen different known deposits, occurring over a belt about 3 miles 
long, by 1 mile wide. In estimating the quantity of material avail- 
able, it is difficult to arrive at any definite quantity owing to the 
peculiar mode of occurrence of the individual deposits, and to the 
fact that a very large amount of the material is completely de- 
composed, However, reckoning down to a depth of only 10 feet 
there is at least a total minimum quantity of 83,000 tons available. 
The actual quantity may be many times this amount. These deposits 
are, however, very unfavourably situated, and under present condi- 
tions transport charges would be high — ^about Es. 66 per ton to the 
Brahmaputra river. 

The deposit of corundum-sillimanite in Rewah State, Central 
India, is near Pipra, a small village in the extreme south-east of the 
state, about 6 miles from its eastern and southern boundaries. The 

1 F. R. Mallet ; Rec, Qtol. Surv, Ind,, Vol. XII, p. 172 (1879). 

» F, K. .Tackson ; Ibid,, Vol. XXXVI, p. 323 (1908) ; op, cit, Vol. LV, p. 27 (1924). 

^ J, A. Dunn ; Mem, Qeol, Surv, Jnd,, Vol. Iill(1929). ' 



LXIV.] 


Mineral Production of India, 1924-23. 


429 


deposit is associated with sDIimanite-schists and pyroxene-bearing 
rocks. The bed of corundum is about | mile long by about 70 
yards wide. Reckoning on an average depth of 30 feet, the total 
quantity of corundum available is estimated to be 100,000 tons. 
Of sillimanite there is about 100,000 tons of good material, but the 
possibility of exploiting the better class sillimanite is limited, owing 
to its intimate admixture with impure material. This deposit 
also suffers from the disadvantage of high freight charges to Calcutta. 
At present the material is carried by bullock pack to Mirzapur, about 
120 miles. 

Other small unimportant deposits of corundum and siUimgnite 
occur in the Bhandara district of the Central rrovinces. 

Recently sillimanite-rock has been found to occur in the southern 
end of Hsipaw State, Burma. 

The following analyses are of typical sillinianitc-rock from Assam 
and Rewa State. 


SiOa . 






Assam. 

Per oeut. 
30*26 

Rewa. 

Per oent. 
33*40 

AbOg . 






01*60 

69*49 

. 






1*20 

0*94 

TiOj . 






016 

0*19 

CaO . 






. trace 

traoo 

. 






0*10 

0039 

AVater . 






. 

0*12 

Sp. Ex. 






90*42 

3*27 

100*67 

3*122 


Slate. 

[ E. L. G. Clegg.] 

Slate-quarrying gives a means of livelihood to num]>er8 of workers 
along the outer Himalaya, where the foliated rocks, though often 
not true clay-slates, possess an even and perfect fissility, which 
enables them to be split for slabs and even fine roofing slates at 
Kanyara. In the Kangra district, at Kanyara, work is being carried 
on in a systematic manner by the Kangra Valley Slate Company, 
Limited, which, during the five years ending the 10th June, 1928, 
has declared dividends of 22 per cent, per annum. The sam*' 
company work quarries in clay-slates amongst the Aravalli scries 
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near Rcwari in the Gurgaon district south of Delhi, There are in 
addition several smaller companies working slate in the Kangra and 
Gurgaon districts. 

In the Kharakhpur hills, Monghyr district, Bihar, the properties 
held by Messrs. C. T. Amlder & Company were transferred to a limited 
company, Ambler’s Slate and Stone Company, in 1913, During 
the period under review this comi)any raised on an average 1,749 
tons of slate annually. The slate w^orked is often slightly phyllitic 
and is probably of Dharwariau age ; it is now practically only used 
for terraced roofing. Enamelled slate slabs for electrical purposes 
and switch-boards Jind fuse bases are manufacturetl but the demand 
is very small as the slate is not as suitable as the Welsh slate for that 
purpos(3. Since the advent, four years ago, of cheap school slates 
from Germany made of thin sheet steel, blackened and stoved, their 
manufacture in India has been discontinued as it has been impossible to 
compete with the former. Competition from cheap aluminium and 
enamelled wares has also drived the small slate dishes and curry 
platters for native use off the market. Some of the quarries held 
by this company date back to ancient times, and probably yielded 
the very fine piece of slate from which the throne of the Nawabs 
Nazim of Bengal, now shown in the Indian Museum, was fashioned. 

Slate of good quality and in considerable quantity was observed 
in the valley of the Tuzu river, some 25 miles east of Kohima, in the 
Naga Hills.^ The locality is just within the borders of our admiiu’s- 
tered territory, but is somewhat remote for present-day exploitation, 
It is used by the half-civilised local tribes for roofing, millstones and 
other purposes. 

Slate is also being worked in various parts of the so-called transi- 
tion series of rocks of the Peninsula ; sucb figures as are available to 
show the extent of the trade arc given in Table 131 with the figures 
of production of the two companies already mentiond. From 
these it appears that the average annual output of slate during the 
quinquennium has been 12,723 tons valued at Rs. 1,79,221 against 
37,887 tons valued at Rs. 1,78,187 during the previous period. 
This large decrease in tonnage, which is not reflected in the value, is 
accounted for by an average decrease of 9,652 tons of slate from 
Almora in the United Provinces. The decrease in average for 
Almora value works out at only Rs. 1,343. 

* £. H. Paucoe ; Bee. Oeol Surv. Ind., XLII, p. 263 (1912). 



432 Records of the Geological Survey of India. [ Vot. 

Sodium Compounds (other than Salt). 

[ W. A. K. Christie.] 

Ii(isid(^s aouium chloride, other salts of soda, notably the siil- 
j)hatc (khari) and carbonate (saji), accumulate in the soil of many 
areas in India where the climate is dry, giving rise to the alkaline 
efflorescence known as reh^ which renders large areas quite sterile, 
lloth the sulphate and carbonate are also prominent amongst the 
sodium compounds in the brine of the Rajputana salt lakes. Car- 
bonate of soda occurs in considerable quantity in the water of the 
Lona^r lake and in the lakes of Eastern Sind. 

A general account of the alkaline deposits (reh, snji 7natiy khari) 
used in India is to be found in the Agricultural Ledger, No. 5 (Re- 
porter on Economic Products, Calcutta, 1902) 

Alkaline sol s. Leather’s ‘ Investigations on 

Usar Land * (Allahabad, 1914). 

Official figures for production'^are^not available. Even the 
returns of production of khari in the province of Bihar and Orissa, 
as given in previous reviews, are only available for 1923-21 (12,551 
tons) and 1921-25 (8,227 tons). Such returns have been dLscoiitinued 
since tlio removal of official supervision exercised over the occasional 
production of dutiable common salt in refining processes. 

Usually sodium carbonate predominates, but in many places 
sodium sulphate is the chief constituent. In Bihar the districts 
producing are Champaran, Muzaffarpur and Saran. Saji mati 
is also recovered at the present time from many parts of the United 
Provinces. Benares, Azamgarh, Jaunpur and Ghazipur between 
them arc said to send 2,000 tons a year to Calcutta and it is also 
recovered from the neighbourhood of Cawnpore, Hathras, Muttra, 
Shahjahanpur and Dehra Dun. According to information kindly 
supplied by Imperial Chemical Industries a specimen from Cawnpore 
recently on sale in Calcutta carried 27*02 per cent, sodium carbonate, 
1*28 per cent, sodium bicarbonate and 33*98 per cent, sodium sul- 
phate, while one from Dehra Dun had 31*11 per cent, sodium carbo- 
nate and u*55 per cent, sodium bicarbonate. An idea of the extent 
of the deposits in the United Provinces may be gathered from a paper 
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hy E. E. Watson and K. C. Mukerjee,^ where also several analyses 
of the soils and recovered products may be found. By what is 
probably an optimistic method of extrapolation they calculated 
‘ that 7,321,000 tons of crude soda, containing 4,888,000 tons 
NagCOg could be obtained annually from the visibly efflorescent 
areas in this province.’ 

The method of extraction usually adopted is very similar to that 
used in the recovery of saltpetre. 

Saji wMi is used for soap making and for washing clothes. The 
khari variety, containing more sodium sulphate, is largely used 
by tanners, who claim that it produces a softer leather than treat- 
ment with pure materials. 

Soda occurs in tlie bed of a remarkable lalce in Berar, the Lonar 
lake, (19*^ 69' ; 76° 34') situated in a depression in the Deccan trap, 
lonar Lake depression is nearly circular, about a mile 

in diameter ainl 300 feet deep ; at the bottom 
there is a shallow lake of saline water, which varies in size and density 
according to the season of the year, and rests on a stratum of alkaline 
mud of unknown depth. In 1910 (no later estimates are available) 
the lake water contained about 2,000 tons and the upper five feet of 
mud about 4,500 tons of alkali, reckoned as sodium carbonate. * 
From the lake water products of varying degrees of purity are re- 
covered by crude fractional crystallisation, the best of them, dalhy 
having a composition approaching that of the natural mineral urao, 
NagCOg, NaHCOg, 2 II 2 O. During the quinquennium the production 
has been very small — in 1924, 20 tons ; in 1925, 35 tons ; in 1920, 
100 tons. ITie company working the concession went into liquida- 
tion in 1927, and production stopped. The rights in the lake were 
auctioned for Es. 700 for 1929, to a new lessee. Even in its local 
market the product seems unable to compete with imported soda 
ash. 

Soda is collected during the hot Aveather from a largo number 
of alkaline lakes or ‘ dliands ’ in the Indian state of Khairpur and 
in eastern Sind. These have been described 


Alkaline lakes of 
Khairpur and Sind. 


by 6. dc r. Cotter,! and an account of them, 
condensed from Dr. Cotter’s memoir, was 


Vewr. Ind. Industries and Labour^ Vol. II, j). 13 (1922). 

•T. H. D. La Toiicho and W. A. K. Chriatio ; Rec, GeoL Surv, Ind,, Vol. XLI, p. 2SU 
(1912). 

»3fem. Qeol Surv. Ind., Vol. XLVII, Part 2 (1923). 
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given in the quinquennial review for 1919 to 1923. ‘The lakes are 
situated in depressions among the sand hills and their waters contain 
varying amoimts of carbonate, chloride and sulphate of sodium. 
On evaporation there is obtained a crude form of urao, NugCOg, 
NallCOg, 2 H 2 O, locally known as chaniho. According to Dr. 
Cotter its principal use is in the preparation of light biscuits, but it 
is also used for washing clothes, in hardening treacle, in soap making, 
and in the preparation of goorakho tobacco. 


Tablk ir^r). — Production of Chaniho in Khairjnir State during the 
years 1924-25 to 1928-29. 



Year. 



c 


Production 
in ions. 

Number of 
‘ dhandf* * 
producing. 

1924-25 . 

• 

• 

* 

• 

' 

• 

551 

17 

1926-20 . 

• 

• 

• 

• 

• 

• 

089 

16 

1926 27 . 

• 

• 

• 

- 

• 

• 

1,040 

27 

1927-28 . 

• 

• 

• 

• 

• 

• 

1^972 

21 

1928-29 . 

• 

• 

• 

• 


• 

502 

14 

Avorago 

■ 

• 

• 

• 

• 

• 

761 

19 


In the Nawabshah district in Sind, 133 toiiB were recovered in 1923-24, 
130 in 1924-25, 111 in 1925-26, 137 in 1926-27 and 148 tons in 1927-28. 
A large proportion of the chaniho recovered is exported from 
Earaohi, mainly to Arabia. 
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Table 136 . — Value and destination of efforts of Chnniko from 
Karachi in the years 1926-27 to 1928-29. 


— 


1926-27 

1927-28 

1928-29 



Rb. 

Rs. 

Rs, 

FonieiGN Countries — 





Aden and J')epoiKlenrie8 


56,297 

67,417 

08,6,30 

Ceylon .... 


2,235 

1,872 

2,446 

Zanzibar and Pemba . 


2tm 

20 

34 

Bab rein lulandB . 


150 

75 

’ 255 

HomaliiaiKl Pnitectorato 



r>58 


Maskal IVn itory anci Trncial Oman 

1.211 

2,618 

l,4(i5 

Other Naiivo States in A rabia 


453 

8,278 

16,784 

Persia .... 

, 

1,439 

1,151 

1,677 

Italian Fast Africa 


1,728 

5,392 

3,488 

Kgypt .... 

, 

— 

— 

162 

French Somaliland 

• 

% — 


16 

Coast Ports — 





Bombay, chief port 


17.477 

15,238 

17,763 

Bombay, other porta . 



750 

18,854 

Madras, other ports 



14,289 

23,807 

Baluchistan Agency Tracts . 



72 

92 

Outch .... 



2,177 

2,515 

Kathia'W'ar .... 


19,199 

20,810 

19.752 

Goa ..... 


584 

305 

430 

Bin 


24 

— 

— 

Oaekwar’s Territory 


— 

— 

588 

TOTAL 

• 

1.64,623 

1,41,034 

1,78,704 


Sambhar Lake. 


As a potential source of sodium salts other than the cldoride, 
the Sambhar salt lake in Rajputana may be mentioned. The 
lake dries up nearly every year, but the 
brine formed when it fills in the rainy season 
has a fairly uniform composition from year to year. The residue 
on evaporation contains about 86 per cent, sodium chloride, 10 
per -cent, sodium sulphate and 4 per cent, sodium carbonate. In 
the mother liquors from salt manufacture the percentage of sulphate 
and carbonate are, of course, much greater. As the upper 12 feet 
of the lake mud contain some 60 million tons of sodium chloride, it 
is reasonable to conclude that there are several million tons of 
sodium sulphate and carbonate similarly stored, but the time of 
their economic exploitation is not yet. 
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The Bcnsatioiial development of the quinquennium \vds.the build- 
ing of a largo 6oda factory in the Indian state of Dhrangadhra on 
the Little Rann of Cutch. The Shri Shakti 
Maiiiifatfure of soda Alkali Works was intended to produce annual- 
from salt. equivalent of 22,000 tons of sodium 

carbonate by the ammonia soda procesws. Salt is, of course, available 
in unlimited quantities on the Little Rann, and limestone was 
obtained from Jasdan. An attempt to get the works into operation 
in July, 1928, was unsuccessful, and subsequent eHorts have proved 
similarly abortive. 

The Magadi Soda Company went into liquidation soon after the 
commencement of the period covered by this review. The com- 
pany had a plant at Budge Budge near Cal- 
Magadi Soda Com- cutta for the manufacture of caustic soda from 
sodium carbonate imported from the Magadi 
lake in Kenya Colony, where huge natural deposits occur. The 
works at Budge Budge arc closed d#vvn, and it is at present unlikely 
that the industry will be revived. Heavy freight on suitable 
limestone was one of the factors that made it difhcult for the com- 
pany to compete with imported caustic soda. 

The imports of alkalies for the years 1924 to 
Imports. given below. 


Table 137 . — Ivqmis of Allalics, 



•Sodium 

carbonate. 

Caustic 

Boda. 

Sodium 

bicarbonate. 







Touh 

Tons 

Tons 

1024 . 

• 

. 

. 

. 

. 

42,123 

5,202 

5,048 

1025 . 

. 

. 

. 

. 

. 

38.K22 

G,40G 

4,G()1 

192G 

. 

. 

. 

. 


49,077’ 

7,807 

5,028 

1027 . 

. 

. 

. 

. 

. 

00,508 

8,711 

5,133 

102S 

• 


• 

• 

• 

67,448 

8,882 

6,410 


The imports of sodium carbonate are increasing rapidly, due 
mainly to uj)prcciation by the ordinary washerman that its efficacy 
exceeds that of crude saji mati. 
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Steatite. 

E. L. G. Clegg.] 

One of tlic moat widely distributed minerals in India is steatite 
either in the form of a coarse potatonc —so called on account of its 
general use in making pots, dishes, etc. — or in the more compact 
form suitable for carvings, and in its* best form, suitable for the 
manufacture of gas-burners. Cooking utensils of steatite are much 
in request by high-caste Hindus, since they can be purified, after 
use, by lire and communicate no unpleasant taste to food. There 
is a trade of undetermined extent in nearly every province, 'but it 
is in most cases impossible to form even a rough estimate of its 
value. 

Within recent years steatite bricks have come into increasing 
use as a special type of refractory, where resistance to corrosion, 
especially by highly alkaline <lags, is the primary consideration ; 
they are also used in the Wagner alkali smelting furnace at the 
recovery end of a paper mill. 

An exhaustive account of the Indian occurrences of steatite 
was published by Mr, F. It. Mallet in the Records, (reoloijical SuTvey 
of India, Vol. XXII, part 2 (1880) ; and a later note ^ adds further 
details with regard to the deposits in the Minbn district, Burma. 
In 1911-12, Mr. 0. S. JVIiddlcmiss ^ discovered a large dt'.posit of 
steatite of very fair quality near Dev Mori in Idar State, Bombay 
rrcsidency, associated with various other magnesian minerals 
(actinolite, magnesite, serpentine and asbestos). Jlc estimates that 
bed of steatite to be over 1 mile long with a width of over 200 feet 
and a vertical dip. On this basis it is calculated that 2 million tons 
are obtainable in the first 20 feet from tlje surface. Dr. A. M. Heron 
has collected notes on some hitherto undeseribed steatite deposits 
in Jaipur State, Rajputana.^ The principal localities are : Dogetha, 
2| miles N.E. of Kaialo ; GLsgarh ; and Morra In the last mentioned 
area one of the beds measures 25 feet hi tliickness, and pockets of 
steatite extend over a distance of 5 miles. 

The steatite deposits on the north side of the Marble Rocks in 
the Jubbulporc district form pockets in the dolomite of the gorgr-. 
They were formerly worked by native methods with a small anmi.i] 

1 H. H. Hayden; Rec. OeoL Surv. Ind., XXIX, p. 71 (1890). 

* Ibid., XLIT, p. 62 (1912). 

» lUd., XLIll p. 21 (1913). 
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production, but arc now held on mining lease by Messrs. Burn & 
Company who have erected a grinding mill in their pottery works at 
Jubbulpore and are converting their steatite into powder ; deposits 
at Gowari and Lalpur on the south side of the Narbada have been 
secured by the Bomliay Mining and Prospecting Syndicate. 
Steatite is also reported to occur in considerable quantity in a hill 
not far from Riipaund, a few miles from the Katni — Bilaspur line 
of the Bengal Nagpur railway. The annual output from the 
Central Provinces during tlie period under review averages 1,201 tons 
valued at Rs. 27,815. 

TJ^e Burmese production comes from the Pakokku Plill tracts 
and was used for pencils. In former years steatite was also pro- 
duced in the Minbu and Myitkyina districts. The mines in the 
Minbu district have been described by Sir Ilenrj" Hayden ^ and 
arc situated some 30 miles west of Hpa-aing. The veins of the 
mineral are very inconstant and ramify through dark greum ser- 
pentine, expanding occasionally to 8^ or 9 inches across. The c.olour 
is green and the quality good. The absence of production is said 
to bo duo partly to the gradual replacement of the steatite pencil 
by pen and paper and partly to the exhaustion of tlie deposits. 

Mr. A. Chose opened up the steatite d(q)Osits at Muddavaram and 
Musila Chenivu near Betamcherla in the Kurnool district, and took 
out a mining lease in 1912. A market was obtained in America 
and on 168 tons exported in 1913, the prices obtained ranged from 
£7 for ‘ nugget ’ steatite to £14 per ton for block steatite, c.i./. 
New York or liuropcan ports, most of the output of tliat year being 
white steatite from Musila Chenivu. The larger portion of the 
steatite of this locality is green, and has fetched a price of £10 a 
ton. At Muddavaram the steatite is ivory white associated with 
quartzoso rock and magnesite and is suitable for small articles such 
as gas-burners. The output in 1914, however, fell to 210 tons, in 
1915, to nil and in 1916, 1917, and 1918, to just over 10 tons each year ; 
during the period under review it has all but ceased. A small 
output is also reported from Nalgenda and Nirmal in Hyderabad State. 

Su(‘h figures as are available for the output of Indian steatite 
are. summarised in Table 138. The values assigned to the mineral 
vary between very wide limits, and although this is no doubt 
partly due to differences in the value of the product, according to 


» Rec. QedL Surv, Ind,, XXIX, pp. 71-76 (1896), 
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tlie use to which it is put, yet some of the figures are probably but 
rough estimates. During the period under review figures for the 
total production and value of steatite in India have varied between 
3,073 tons valued at Rs. 71,337 in 1924, to 8,526 tons valued at 
Rs. 2,01.086 in 1925, the average production being 7,333 tons valued 
at Rs. 1,61,253. During the previous quinquennium the average 
production was 6,079-1 tons valued at Rs. 89,854. The increase in 
value of the steatite produced is practically confined to that from the 
areas of Jaipur, Salem and Jubbulpore — ^thc three largest producers. 

* Sulphur, Sulphuric Acid and Soluble Sulphates. 

[ E. H. Rascoe.] 

Small quantities of sulphur are obtainable on the dying volcano 
of Barren Island in the Bay of Bengal, in the state of Kalat in 
Eastern Bal%"^hiHtan, and on the Koh-i-Sultan 
neighbouring volcanoes in Scistan and 
Eastern Persia. The Kalat sulphur mine 
near Sanni, which was formerly worked to some extent, was recently 
cxamiiKul and the available sulphur estimated at 10,000 tons^ ; 
this is a conservative csiimate, but even if the actual amount be 
several times greater, the deposit cannot be regarded as of serious 
]jotential value, since it represents little more than a year’s supply. 

India is likely, therefore, to be ultimately dependent for her 
acid on by-products from the reduction of metallic sul})hides. 

In a previous review {Rec, Oeol. Siirv, Ind,, 

reported that a 

scheme was on foot for the erection of a plant 
at Jamshedpur to treat the zinc concentrates of Bawd win. The 
projected initial capacity of the plant was to be some 30,000 tons 
annually, but as a cheap supply of acid would be the key to many 
industries, there is no doubt that a very much larger output would 
be readily absorbed. The absence of such industries was seriously 
felt during the war. Thus the average annual value of imported 
bleaching materials alone during the five years 1914-18, was £88,709 ; 
for this import, formerly brought from Europc,‘ India was dependent on 
Japan. The average value of bleaching powder annually imijorted 
between 1924 and 1928, was more than £52,000. The abandon- 
ment of the project referred to above has, unfortunately, pushed 

* G. do P. Ootbor ; ijec. Oeol, Sarv, Jtid., L. p, 137 (1910). 
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into the future the possibility of any considerable advance towards 
making India self-contained in the matter of the more essential 
chemical manufactures, 

A considerable amount of acid is already manufactured in India, 
but the industry is dependent entirely on imported sulphur. This 
used formerly to come from Sicily, but from 
^^Importatioii of 8ul- 1917.18 to 1919-20, most of India’s imports 
were derived from Japan. In 1920-21, Italy 
began to regain her former place, and maintained it during the 
quinquennium under consideration ; increasing quantities are coming 
from Germany. The imports of sulphur during the five years 1924 
to 1928, are shown in Table 139 and averaged 15,788 tons 
annually, valued at Rs. 15,74,014, as compared with an annual 
average of 8,4G9 tons valued at Rs. 14,35,853 for the period of 
the previous rc^view. 


Table 139. — Imports into India of Sulphur^ Sulphuric Acid, Ammo- 
nium Sulphate, Ammonia and, Salts thereof, duriny the years 
1924 to 1928, 


Year. 

Sulphur. 

Suli>huiif 

acid. 

{Sulphalo of 
amnumia. 

Ammonia 
and Balts 
thereof 

(anhydrous 

or 

othei^wiae). 


Tons. 

Tf»ns. 

Tons. 

3’ons. 

1924 

1;L7C3 

195 

277 

1,144 

1925 

12,337 

27 

1,132 

1,118 

19‘><> 

17,058 i 

22 

5.793 

1,273 

1927 

17,957 

49 

2,755 

1,758 

192S 

17,227 

295 

14,188 

1,471 

TOTAL 

78,942 

588 

24,145 

6,764 

A vmige 

15,788 

118 

4,829 

/, W 


2 G 
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The average annual import of sulphuric acid was 118. tons only 
valued at Ks. 44,344 as compared with 182 tons valued at Es. 1,16,905 
during the previous five years, 396 tons 
a^Imporls of sulphuric yalued at Rs. 1,14,585 during the quinquen- 
nium 1914 to 1918, and 3,188 tons valued at 
Rs. 6,86,305 during the quinquennium 1909 to 1913. This decrease 
in imports of sulphuric acid is due to the increasing production of 
this chemical at numerous plants in India. 

The acid as manufactured at different plants varies in strength 
from 65 to 95 per cent. II2SO4, according to the purposes for which 
it is required. The data of production avail- 
phuric^adJr" accordingly been reduced to the 

uniform basis of 100 per cent, acid, and are 
summarised in Table 140. 


Table 140 . — Production of Sulphuric Acid in India during the years 

1924 to 1928. 


(Statute tons in terms of 100 per cent, acid.) 


Provinces. 

1024 

1 

1925 

1026 

1027 

1028 

Total 

for 

1024>23 


Tons. 

Terns. 

Tons. 

Tons. 

Tons. 

Tons. 

Bengal .... 

5,616 

5,248 

5,288 

6,604 

0,550 

20,806 

Bllmr and Orissa . 

8,627 

10,625 

11,603 

13,504 

0,842 

53.601 

Bombay .... 

8,453 

4,847 

4,280 

3.102 

2,470 

17,611 

Burma .... 

4,551 

5,241 

5,486 

6,600 

7,626 

20,663 

Kadras .... 

1,017 

624 

1,840 

1,106 

1,651 

6,747 

Punjab .... 

221 

280 

286 

807 

808 

1,401 

UnlUd l^ovlnces • • . 

771 

841 

827 

1,080 

1,800 

4,009 

TOTAL 

24,856 

27,066 ^ 

28,060 

32,402 

20,486 1 

142,128 
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During the four years 1919-22, the annual production was a little 
under 12,000 tons, but in 1923, the production jumped to 17,127 
tons of 100 per cent. acid. This jump was mainly due to the 
increased recovery of by-product ammonia as ammonium sulphate 
at the coking plants, iron and steel works, and collieries in the pro- 
vinces of Bengal and Bihar and Orissa. From Table 140 it will be 
seen that the quinquennium under consideration witnessed a still 
further increase in the output of the acid which in 1927, reached 
the record figure of 32,402 tons. The production of sulphuric acid 
in Bihar and Orissa is mainly for the manufacture of ammonium 
sulphate, as w^ill be seen from the fact that the total amnfonium 
sulphate produced in this province during the quinquennium reached 
the high figure of 52,725 tons. 

The producers of sulphuric acid are as follows, the figures being 
Producers of siilphu- total production of acid at 100 per 

acJd. cent, during the period under review : — 


Tons. 

Bengal — 


I). Waldie & Co., Konnagar .... 

. 


5,807 

Bengal Iron Co., Knlti 

. 


4,r>.37 

Bengal Chemical and Phariiuu outical tA'orkg, Calcutta 


2,777 

Dr. Bose’s Laboratory, Calcutta 

. 


1,526 

The Indian Iron & Stool Co., Bumpur 

. 


14,559 

Bihar avd Orissa — 

Tata Iron & Steel Co., Jamshedpur 

. 

. 

41,969 

Burrakur Coal Co., Loyabad .... 

. 

. 

1.593 

East Indian Railway Colliery, Giridili 

• 

. 

1,288 

Barareo Coko Co., Ltd., Jamadoba . 

. 

. 

2,883 

Jharia Sulphuric Acid Co., Lodna . 

. 

. 

5,868 

Burma — 

Burma Chemical Industries, Rangoon 

. 

• 

29,563 

Bombay — 

Eastern Chemical Co. . • . • . 

. 

. 

12,186 

Dharamsi Morarji & Co. 

. 

. 

5,425 

Madras — 

Cordite Factory, Nilgiri Hills .... 

• 

. 

2.022 

Other producers ...... 

. 

• 

3,725 

Punjab-^ 

Several small producers • . • • 

. 

• 

1,401 

United Provinces — 

Krishna & Co. «...«• 

• 

• 

250 

Other producers •••... 

. 

• 

4,059 


2 H 
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Tliw wide distribution of sulpliuric-acid manufacturing plant 
throughout India is a healthy sign of growing activity in chemical 
industries in the country, though, as might be expected, the objects 
of manufacture are very varied. Thus all the producers in Bihar 
and Orissa, and the Bengal Iron Company in Bengal, manufacture 
acid for their own ammonia by-product recovery plants ; the Burma 
Chemical Industries manufacture chiefly for the refining of petro- 
hnuii products in the Burmese oil industry ; and the Nilgiii Cordite 
Factory produces for the manxifacturc of explosives. All the other 
producers may be taken as manufacturing for general chemical pur- 
poses. '' 

The statistics of production of ammonium sulphate are given in 
Tablj*- 141, from which it will be seen that India produced 78,593 
Production of ammo- during the quinquennium, against 21,707 

niuin sulphate. tons during the previous period. 


Table 141. of Sulphate of Ammoyiia in India during 

the yearn 1924 to 192S, 




1023 

JD26 j 

1927 

1928 

1 

Total 


Toih. 

Tourt. 

Tons. 

Tons. 

Tons. 

Tons. 

Bengal 

4,73 1 

4,007 

4,52U 


0,0.'>0 


Blliar and Ori'tsa . 


!»,5S2 

1 1 .000 

12 ,riHK 

9,3.30 

52,72.3 

TOTAL 

14,350 

[ 14,189 

16,138 j 

18,507 

15,409 

78,593 


Producers of atnmo- 
tilum sulphate. 


The priiieipal producers were as follows, 
tlie jjoures being the tot.il production duruii^ 
the (juiuquenuium : — 

Tons. 


Hevfjal — 

Tho Bengal Jron Co., Ltd. 

The Indian Iron & {Steel Co., Ltd. . 
The Oriental Gab Co., Ltd. 

Ihhar and Orissa — 

Th^ Tata Iron & Bteol Co,, Ltd. 

Tho Barareo Coke Co., Ltd. 

Tlio Burrakur Coal Co., Ltd. 

Jhana {Sulphuric Acid Co., Ltd. 

East Indian llailv ay Colliery, OiridiU 
The Eastoni Coal Co., Ltd, 


7,403 

17,201 

1,202 


38,700 

4,417 

3.510 

2,274 

2,173 

1.546 
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Ammonium sulphate is, of course, a valuable fertiliser for certain 
crops. During the preceding quinquennium the larger propor- 
tion of the Indian production was ex]iorted, 
sulphate!* mainly to Ceylon and Java, but exports during 

the five years 1924-28, amounted to less than 
a third of the total output ; the countries which received the greater 
portion of the exports ]>etw(‘en 1921 and 1928, wore Ceylon, Ja]Kui, 
Spain and Java. 


Table 142. — Iixporl^ rf J otnionifnn Sulphate from India during 
the gears 1924 to 1928, 


^ cai. ! 

Quantity in 

t(UKS. 

i 

1924 

s,ss» 

lua-j .... 

S,,‘] i (j 

192(> .... 


1927 

c,7J> 

192S ! 

ja 

'lOl'VL 

2.),aao 

_I r "U ( to /<' 

1 


Tiiese exports arc nearly halanerd hy large and increasing 
imports totalling 24,118 tons, ol which over 11,000 tons were iin])orled 
during 1 928. Ti ese sup])lieH w^ero supple- 

Imporjs of miroge- niented hv ineivasing impoits of calcium 

cvanainide (including lutrohm) toiw'hicli tlie 
following figures refer 


^'eai. 

1924 . 









• 

jj IS, 

^ -400 

192.3 . 

. 






• 

• 


090 

1920 . 

. 




. 


• 

• 

• 

1,201 

1927 . 

. 




. 


• 

• 

• 

2.C. ■ 

192S . 





• 


• 

• 

• 
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Reference may also be made here to the recorded imports of 
ammonia and salts thereof siimmarised in Table 139, giving an 
annual average of 1,353 tons, against 824 tons for the previous 
five years, and utilised for general industrial purposes. 

For many years the pyritous deposits in India have been turned 
to account for the manufacture of soluble sulphates of iron and* 
copper. The case of alum has been referred 
copper!**^*^^ **^***' already {supra, page 314), and with the 

alum, which was formerly obtained in quan- 
tity from the decomposed pyritous shales at Klietri and Singhani 
in Rajputaua, copperas and blue vitriol were also obtained. No 
statistics are, however, available with regard to the history of these 
industries, which have had to give way to the importation of cheap 
chemicals from Euro])e, the imports of *alum and copperas being 
considerable. Small quantities of copperas, varying from 3 to 15 


cwts. are reported to have been obtained between 1925 and 1928, 
from the Khardang mine in the Ladakh tchsil of Kashmir. 
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